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Ghe LUDLUM STEEL COMPANY first started 
business in 1854. The plant was rebuilt in 1906— 
entire new machinery and mill equipment installed— 


since that time the plant has been doubled in size 
and equipment. 

Every rolling mill is electrically driven. Our own design 
electric crucible furnaces are exclusively used in melting our 


Chase: gicoblioct, Seoul tad win: satiated Wi: Vink Gidaad be: s 
repeatedly inspected chemically and physically by specially 
trained inspectors and controlled by highly technical men. 


The extreme care in quality and inspection has been “the 
factor” in the growth of this mill from a small tool steel manu- 
facturer to the largest all tool steel producing mill in America. 


The ‘other fellow’ is using thousands of tons of our tool steel. 
There is a reason. Why not investigate? 


Ludlum Steel 


WATERVLIET, N.Y 
New York oo ‘eens be 
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LESSONS LEARNED IN THE MANUFACTURE OF MUNITIONS 
AND ORDNANCE THAT CAN BE APPLIED TO THE 
PEACE-TIME PURSUITS OF INDUSTRY. 


By F. V. Larkin.* 


It is the purpose of this paper to point out certain lessons, learned 
the manufacture of munitions and ordnance, that can be applied to the 
peace-time pursuits of industry. 

The conclusions on which these lessons are based were established in 
the period extending from 1915 to 1919, during which the author was asso- 
ciated in the manufacture of some three million projectiles and a half mil 
lion high pressure seamless cylinders. They are drawn from the viewpoint 
afforded one in charge of operations, whose duty and privilege it was to 
deal with the production, heat treatment, and fabrication of steel, the or 
ganization and training of the men who did the work, and with the officials 
who administered the procurement of munitions and ordnance for the 
Allied Powers, and for the United States Army and Navy. 

These lessions thus naturally divide themselves into two groups, those 
having their origin in the realm of steel, and those having their origin in 
the realm of human nature 

Starting from the standpoint of steel in the open hearth development 
will be made through the forge shop, heat-treating department, testing de- 
partment, up to and including the men who did the work. 

In the open hearth we found that a complete history of each open 
hearth heat, originated in the open hearth, and compiled by the operators 
themselves, went far to eliminate the darkness and semi-mystery that too 
often surround the production of steel — particularly the production of 
off heats. 

Most open hearth men must necessarily get the knowledge of their 
jobs, first by word of mouth, and later by experience, rather than by per- 
sonal study. For these reasons they become careful and accurate observers. 
Like most uneducated men, they have an undue aversion for writing down 
any specific statement, or if they cannot write, to making any definite asser- 
tion that is to be written down on their authority. Then too, such men 
have an undue fear of truthfully stating that they have done something 
wrong or, that they have made a mistake. As a consequence, they keep 
away from the necessity of reporting discrepancies, with the result that the 

quantity and quality of their operation is raised. 

In the rolling mill we reached the Spaichn is that much of the expense 
of chipping ingots and blooms can be eliminated by a reasonable care in the 
preparation of moulds and rolling. In substantiation of this, it may be 
of interest to know, that the company whose operation is being cited, never 
chipped one single billet of steel for over three million projectiles, and that 
their former practice of chipping ingots made for cylinder plates was 
abandoned. 

As to the forge shop, a pyrometer in the forge shop pays. 

In spite of the dire predictions of the superintendent of the forge de- 
partment a radiation pyrometer was installed in the projectile forge shop. 
This revealed, as had been assumed it would, too wile a range of forging 
temperature. Uniformity of heating followed, and with it two wholly un- 
looked-for beneficial results, namely, a decrease in the number of forging 
tools required, and a decrease in the number of defective and eccentric forg- 
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ings. ‘his pyrometer was mounted on a piece of pipe bent in the for 
an L and hinged so that it was normally held up and out of the way b 
counterweight. As the forgings were placed open end up in an inspect 
pot, the pipe carrying the pyrometer could be drawn down so that 
bottom of the cavity was always exposed a uniform distance from 
pyrometer end. 

In the heat-treating department it was found that furnacemen shou 
be taught enough of the operation and use of the pyrometer to enable t 

look upon it as an aid to their work rather than as a tell-tale of tl 
operation. 

A recording pyrometer was installed near the drawing end of a k 
continuous coal-fired annealing furnace. The furnace was used for dr: 
ing quenched steel to a carefully predetermined temperature and was n 
mally so fired that the steel was slowly heated at first, reaching its maxi 
mum temperature under the pyrometer. The fireman was duly impress 
with the necessity of producing a uniform curve on the chart in the super 
intendent’s office. Soon it was discovered that all the steel was comi 
uniformly soft. Early investigation showed that the correct drawing t 
perature had been prescribed and that the fireman had mz at ained his fir 
so as to produce a perfect chart. Then followed a checking of the pyron 
eter, a checking of chemical analysis, a review of the history of the he 
and its progress through the plant up to the furnace again. Here ~ i 
investigation showed that the fireman had learned that by firing the charg 
ing end heavily he could best produce a uniform curve on the Pevopecter 
chart. The result was that the steel was overheated shortly after chargin 
then cooled down to the proper temperature when it passed the pyromete: 
and drawn out of the furnace looking normal. 

We also found that time is a vital factor in the heat treatment of steel 

[n order to maintain constant the temperature of the steel, the quench 
ing medium, and the cooling water, it was found well to synchronize the 
operations of charging, drawing and quenching with a gong which indicated 
the desired interval. Annealing furnaces happened to be so arranged tha 
they could also be governed by the same gong. Under normal Faidiions 
the operation was as follows: On the stroke of the gong, the piece in th 
quenching bath was withdrawn and charged into the annealing furnace, 
piece was drawn from the quenching furnace and placed in the quenching 
hath, and a corresponding charge of the hot furnace and discharge of th 
annealing furnace made. 

The result was that time in heating furnace was constant, time in 
quenching bath was constant, time in drawing furnace was constant, pounds 


of steel quenched per hour was constant, all of which was conducive to 


uniform firing and uniform speeds for oil pump and c ‘irculating water pump 


The operation went on day and night six days a week with remarkable 


uniformity. 

In the testing room it was established that the ordinary testing m 
chine can be adapted for hardness testing and for gauge testing in 
emergency. 

Our hardness testing equipment was destroyed by fire. Before it coul 
be replaced the necessity for making hardness tests arose. A supply o! 
steel balls of the proper size was obtained. One of these was magnetiz 
and placed on the upper compression head, the machine reversed and t 
required load applied. The process was, of course, too slow for produ 
tion, but apparently satisfactory. 
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The production of one thousand pieces per day, each of which were 
quired to withstand a hydrostatic test to three thousand pounds per 
uare inch, made it necessary that a supply of accurate gauges be main 

ained. Formerly the manufacturer of the 


1 


gauges had made repairs and 
librations, but in the stress of the emergency it became impossib le to get 


lequate service. Accordingly an oil plunger gauge-testing device was 


ade up, So proportioned that there would be an even decimal ratio be 
tween beam reading and gauge reading. ‘This placed in the machine, oper 
iting in compression, made it possible to produce any desired oil pressure 
and thereby calibrate the gauge. Arrangement was, of course, made for 
turning the piston of the gauge tester to eliminate friction. This device 
calibrated against a gauge, certified by the Bureau of Standards, 
remarkable accuracy. 


showed 


Chis concludes the discussion of those lessons having their origin in 

he realm of steel. Passing now to the second group, which have their origin 

the realm of human nature, development will be made under the two 
idings: trade secrets and specifications. 

Prior to 1914 practically all our knowledge of munitions and ordnance 
vas confined to a few companies who held an ungrudged monopoly on the 
production of armament and implements of warfare. Such discoveries as 
vere made during the period of limited expansion of our Army and Navy 
were carefully guarded as trade secrets, justly enough considered the prop- 
erty of the compéz nies who had evolved them. So apparent was this that 
in 1915 a writer in one of the technical magazines made the prediction, that 
f the United States should become involved in the war, it would take three 
years to develop the necessary tools and gauges adequate to cope 
the situation. 

lt is an apparent anomaly that from — very ranks of those thus for 
merly charged with the responsibility of hoarding and monopolizing the 
secrets of the art of the heat treatment of sted, there should spring such an 
organization as The American Society for Steel Treating. Particularly is 
this true, in view of the Society’s statement, that one of its specific pur 
poses is “to collect, publish and disseminate knowledge.” Shades of Samuel 
Gompers! A strict adherence to the precepts of trade unionism, on the part 
of those engaged in educational work, would require that they look upon 


th 


this attempt to disseminate knowledge, as an infringement upon the prov 
e of their profession. 
But we are all coming to the conclusion that it is erroneous to hold 
the bulk of our educational work is done in the schools, that it is like 
ise erroneous to contend that the only teachers are those whose re 
ration comes from the specific task of teaching. Every industry is 
institution of education, and all the leaders in it are teachers, whether 
they consider themselves teachers or not. The Society’s entrance into the 
t education is implied in their quotation from the immortal Roosevelt: 
very man owes some of his time to the upbuilding of the profession to 
ic] ‘ belongs.” Therefore this occasion for joining hands with you 
ie change of ideas is welcomed, quite as much as the opportunity 
rds of greeting you as a fellow educator. 
Not only were we confronted at the outset with the trade secrets re- 
, but the arts of systematic shop production and inspection and 
ufacture of tools and gauges were likewise beyond the realm of 
rience and, therefore, to us, trade secrets. We attacked these vari- 


with 
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ous handicaps from a pedagogical standpoint, which in the last anal 
holds that secrets are relative things. That is to say, what is a secret 
one man is an axiom to another. So we made a rather daring classificat 
and placed secrets in the same category with ghost mysteries, ouija boa 
superstition and ignorance. Then we laid down and defended the ma: 
that the other fellow’s secret was of less value to him than our ability 

determination to unravel it were to us. We soon realized that, kno, 
the fundamental principles which serve as a foundation for any secre 

process, we had only to bring into operation a sufficient amount of logic 
directed and persistently applied energy and ability, to duplicate or 

strip the achievements of our competitors. 

‘The manner in which our leaders and workmen responded to teach 
was so splendid and so satisfactory that we found a lack of experience 
a handicap of much less consequence than a lack of spirit. The conclusion 
established in regard to trade secrets follows: If the spirit of your organ; 
zation is right you can make every trade secret bearing upon your w 
an incentive rather than an impediment. 

In regard to specifications, it was found that the more strictly a set 
of fair and accurate specifications are required to be met, the better it js 
for the manufacturer and the men doing the work. 

‘The preparation of specifications 1s an art. Particularly is this the cas 
in specifying steel and its performance in service. No doubt many of you 
encountered crude, cumbersome, arbitrary specifications, prepared in haste 
and fear, and bearing little evidence of a knowledge either of the possibil 
ities or of the actual requirements. The overlapping and conflicting ele- 
ments of such specifications must be brought into line before any produc- 
tion can be forthcoming. Otherwise, demoralization and stagnation result, 
due to the fact that the energy and ability of the organization doing th: 
work will be applied in a negative manner designed to show why requir 
ments cannot be met, rather than in a positive direction determined to 
meet them. 

At this point reference is made to what may be considered a master 
piece in specification writing, and tribute is paid to Colonel B. W. Dunn, 











for the specification known as I.C.C.3A, covering shipping containers. 
Carefully and accurately prepared, they are of the most rigorous and exact 


they insure to the customer a product which he can purchase and use with 
a maximum assurance of security and safety. 














to the workmen and to their leaders, and at the same time puts the manu 
facturing process on a high plane, not only raising the quantity and quality 


poorest grade of work which a customer will accept, is the best that 
manufacturer can possibly coach his men to produce. We taught our lead 
ers and workmen the specifications involved in their particular departments 


to stop wasting time on the repair of questionable stuff. We taught th 
never toaskac ustomer or his representative if a product was good enoug 


tomer with satisfaction and pride and he can do only one thing—accept 1 
So thoroughly did this work out, that our management received a m 
unusual complaint from one customer’s representative. Complaint v 


Chief Inspector, Bureau of Explosives, Interstate Commerce Commission, 
ing nature. Yet they are fair. They can be met by the manufacturer, and 
Success in “meeting such specifications brings gratification and pride 


of the product, but also the spirit and ability of the men. In general, the 


We taught them to know when their product was right. We taught them 


Our maxim was “Know your product is right, then present it to the cus 




























rity 


re] 


AO 






































. 
7 
Tt} 
1S 
=~ < i. 7 
; 
vi 
{ 
: 
( ~ 
you 
naste 
ne j 
sibil 











/ 


{IRKIN’S PAPEK 157 





DISCUSSION 





OF MR. L. 
that the Company’s Inspector was rejecting work which he, the 
stomer’s Inspector, would be willing to accept. Such, you are assured, 
snot the case. Rather, the Customer’s Inspector was a man whose idea 
inspection necessarily involved rejection. When he found little or 
hing to reject, he felt that his perogatives were being usurped. [or 

inspectors—and they were not all such—it is sometimes wise to per 
a percentage of low-grade work to be presented in order that the au- 
rity and prestige of the customer’s representative may be exercised in 
rejection of some of the pieces submitted. 

Notwithstanding incidents of this nature, it is felt that the demonstra 

of the statement first made was established. The more strictly a set 
fair and accurate specifications are required to be met, the better it is 
-the manufacturer and the man doing the work. 

In conclusion, a summation of the items discussed follows: 


1. A complete history of each open hearth heat, compiled by the 


operators themselves, pays. 
) 


Much of the expense of shipping ingots and blooms can be elimi- 
ited by a reasonable care in the preparation of moulds and rolling. 
3. A pyrometer in the forge shop, pays. 

4. Furnace men should be taught enough of the operation and use of 
the pyrometer to enable them to look upon it as an aid to their work rather 
than as a tell-tale of their operation. 

5. ‘Time is a vital factor in the heat treatment of steel. It furnishes 

ogical base around which to develop a heat-treating operation. 

6. The ordinary testing machine can be adapted for hardness testing 
and for gage testing in an emergency. 

7. If the spirit of your organization is right you can make every trad 
secret bearing upon your work an incentive rather than an impediment. 

8. The more strictly a set of fair and accurate specifications are re- 
quired to be met, the better it is for the manufacturer and for the men 
doing the work. 

9. Finally, in the equipment of any individual, personality is of more 
mportance than technique. That is to say, unless the individual pro- 
essing a knowledge of the art of steel making, has the ability to set it 
in terms simple enough to inspire a belief in him, if not an under- 
standing of his dogma, he will not be able to materially increase either the 
quantity or the quality of the output of a plant. 


DISCUSSION OF MR. LARKIN’S PAPER 


\LR. HILLMAN: I wish to state that since starting operation of our 

t, our open hearth plant man makes a complete report on each person, 

ii going over that report personally from time to time he has increased 
ficiency of our product now about thirty per cent from what it was 

the plant was first started about two years ago. It is not only an 

tive to him, but also an incentive to the men who work under him, 

has proven very much of a success and has given us a prestige among 
plants. Other plant representatives and persons who have had occa- 

S ) visit our plant and look over our product have sort of “sat up and 
otice,’ so to speak. 
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THE RELATION OF THE STEEL SALESMEN TO THE DEVEL C 
MENT OF HEAT TREATMENT OF STEEL 
By Guy P. Bible* 


(A Paper Presented at Philadelphia Convention) 

It is a real pleasure to speak before this convention and have 
opportunity of joming in the discussion of this work, which will mea: 
much to the future progress of the world. 

There are some phases of heat treating which come before the sa 
man in most forcible, insistent, and at times embarrassing ways, and if 
the total accomplishment of this paper is to put before the chemists and 
metallurgists on one side, and the shop men on the other side, some of th: 
difficulties we have to face, without doubt it will have done a little good 

Vrobably not all of you have heard the salesman’s own particular, 
personal and best loved poem; it is brief, so that its repetition will 
weary you. 


Y 
‘ 


He who whispers down a well, 
About the things he has to sell, 

Will never make as many dollars, 
As he who climbs a tree and hollers. 

Now the steel salesman knows a lot about wells and trees whet 

comes to heat treatment. He frequently hears of a customer who is 

well, only we speak of it as a hole, and he is often up a tree as to th 
cause of the difficulty. Unless he can help his customer up out of his pai 
ticular hole, the salesman is in the hole himself. If it is characteristic o 
the mill people, and of sales managers to say when trouble is reported, that 
the fault lies, not in the steel, but in the treatment, and this is true in prob- 
ably 90 per cent of all complaints, and in this fact lies the opportunity oi 
the salesman to aid in the development of heat treatment. 

The function of the steel salesman in this work, is largely that oi 
“thinking sponge” if such a thing were possible. He must absorb on every 
occasion, knowledge as to theories, methods and practice. He must ap ply 
to this knowledge the maximum reasoning power of which he is possessed 
so that when occasion required, he can give out this information, in 
logical, authoritative and helpful manner. He must get his informatio 


from many sources; from matallurgists, chemists, engineers, and from 


books and papers and lectures. But he must also get it from the black 
smith, the tool hardener, the tool maker, the machinist, the die designe: 


the foreman and the superintendent, and the whole line of practical men 
who have done so much to develop this subject, and who in the last analysis, 


are the fellows who translate into actual being all the prior efforts of th 
steel maker, chemist and metallurgist. The steel salesman then, has ever) 


thing to learn, but he has something also to teach, and the man who will 


seriously consider this phase of his business will be the better salesmat 


the better man, and will make the most of his opportunity to contribute to 


the progress of the world. 

A brief consideration is now in order of the conditions which face th 
steel salesman, and particularly the tool steel and the alloy steel salesman 
and which he must correctly analyze and solve if he is to keep his customer 
his house and his own particular self free from the many difficulties enter 
ing into the use of steels. He should by all means get full informatio! 


from the user, as to the purpose for which the steel will be used, so that 


+ 


proper selection of grade and temper may be made. Nor is this sufficient 
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ould know what the heat treating facilities are jn 

bad, poor, or insufficient. he should learn whether the customer would 
villing to send out to 4 Well equipped shop, the finish machined 
treatment. Nothing is eyer gained }y Passing over these 
situation, in order to make a sale, and much 
an intelligent consideration of them. 


the shop, and if they 


Pieces for 
phases of a 
good may be accomplished 
Furthermore. if 

is given the Sales Department, or the Mill, a 
| require much simpler treatment, 
‘apacity. It sometimes requires coura 
pecause the salesman might be in 
iis Sales Department, and it may | 
back up the salesman 


this information 
grade may be selected Which 
Which would be Well within the shop 
se and persistance to do these things, 
a sense, fighting both his customer and 
e that in cases like these. the 


and help him and themselves, 
Uhe steel salesman cannot do any 


ecause his greatest difficulties lie in 
lenorance, Carelessness an, 


laboratory 


original work jn h 


Cal treating, but 
three very 


common human traits 
| Conservatism—his accomplishment, if he 
comes these characteristics. js as truly helpful as that of the 


profession. “They also serve who only stand and wait.” 


opportunities lie in two special directions: the most 
customer out of trouble, and the Other 
equipment so 


Over 
leader in the 
lis greatest 
common, getting his 
in helping to improve methods and 
yY good, still better. 
trouble because of one or more of 
all met the man who says, “I have been 
loing this for years Just exactly in the same Way, and never had any trouble 
before.” Or the other fellow who Says, “The ‘blank’ steel which IT used for 
scars Hever gave me a broken tool.” | haye been married a number of 
years, but I don’t know that I ever envied the fellows who say, “Well, I’ve 
been married twenty years and never had a harsh 
broken tool now and then is relished by the best of men. 

The trouble may be in the Manner of heating, the time 
the heat itself, or in the method of quenching, the quenching 
in the drawing. The difficulty may be further back, and lie in the forging 
or annealing operations Which may have preceded the actual heat treatment. 
Che uld know his business well enough, that on occasion 
he May suggest an analysis of each operation, or even a mier graphic analy 
sis of the various operations, : 


The solution of 


as to make results alread 
In most cases the customer is in 
he traits mentioned. We have 


word with my wife.” \ 


for heating, 
medium, or 


steel salesman she 


the difficulty may lie it 
th quenching medium from water to 
quenching tank thoroughly, 
plugging holes with asl 
Mission of such 


1 a simple thing like changing 
brine, or even in Washing out the 
Semetimes the trouble may be obviated py 
estos instead of hreclay, and 
plugs entirely may | 
‘we are great believers in the | 


at other times the 
e the answer, Tn our organization. 
rinciple of pre-heating of all tools Where any 
machining has heen done. We believe it is the 
“Wer to most of our questions. We also are firm believers in brine for 


uenching, and the removal of the tool to oj] Just as soon as the heat has 
as to prevent anv rise in temperature after 


Onsiderable forging or 


1 


sufficiently quenched 
ng the oil, 
in all that ] have said ] 


efore, T have had 
nent of tool steel] and 


reference largely to the heat 
tools. but there is another side of the 
nent, which of course. appeals to a great many people 
to the heat treatment of low carbon steels and 

Or more we were very 


heat 
| have refer 
alloy Steels. For htt, 
large importers of Swedish iron and this 
lal entered into work where the requirements were extreme in the 
| resistance to fatigue, maximum elongation. and excellent welding 
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and forging qualities. The war necessarily shut off this importation, ing § oi 
not caring to turn to another iron, we have done some little work in th, THE 
way of the heat treating of soft steels and alloy steels for work where 
Swedish Iron formerly went in. 

In addition our business has largely been along the lines of soft s 
and high grade straight carbon machinery steels, and we have taken 





varitage of the opportunities given to, in very many cases, suggest heat @ ., - 
treatment and assist our customers to inaugurate and carry through, suc] eee 
heat treatment to success. This field offers the greatest single opportunity 9B P°°°*> 
for a long step ahead. Every one uses straight carbon steels and iron, @ @"""" 
and every one is coming into the use of alloy steels to some extent. i Onrt 
steel salesman by a study of steels and heat treatment, can assist over. MB '*Y°? 
coming most of the failures in service which are due to insufficient streneth, # “*©! 
Too much stress cannot be laid upon this side of the work of the steel J °?%*™ 
salesman in relation to the development of the heat treatment of steel re 
There is another phase of this subject on which I would like to speak v 
briefly. The most enlightened self interest, if we do not wish to place J “S'S 
it on a higher plane, would surely call for every effort to help the steel sg es 
user. It is not enough at times to overcome these common and more or ” dr 
less elemental troubles in heat treatment. The cause for trouble may. be = det 
more fundamental, and lie in poor equipment. insufficient appliances, and ee 
lack of knowledge as to the particular type of equipment necessary t hardet 
correct the difficulties, or as so often is the case to meet new conditions HB "°° | 
due to expansion in production. The steel salesman can, especially if h ence | 
has the confidence of the user, do a great deal in increasing interest in new 9 “° 
furnaces, improve tanks, pyrometers, hardness testing instruments and the i 
whole line of what might be considered more as laboratory equipment. It JR ?°’S' 
is true that the steel salesman is not, for instance a furnace salesman, but oe 
if for example a man is attempting to heat a long die in a furnace whic! 50° | 
will not even take it in, which condition we have all met at times, he is es 
surely justified in saying something which will help to correct the evil eres 
If | may summarize in conclusion, I might say that the function of 3 

the steel salesman is to absorb all information obtainable, gladly and in — 
telligently ; to ponder over and digest this information with judgment and physi 
reason; and to in turn give it out, freely but modestly, with the one desir 
to help the other fellow in his little problems, realizing that after all th — 
measure of a man’s success is the assistance he has been able to give to his staal 
fellow men. The modern proverb, clothed in the language of the day has — 
a lot of truth in it: Sere 
Remember my son, that when the One Great Scorer comes mast 

to mark up, He sets down, not that you won or lost, but how you ss 
played the game. | 
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“<a THE EFFICIENCY OF VARIOUS QUENCHING MEDIUMS AND 
a THEIR APPLICATION 
Victor E. Hillman* 
7. (A Paper Presented at Philadelphia Convention) 
ec Ilundreds of different quenching baths have been used in the past. 
reover, letters patent have been granted for fluids that are supposed to 
ce sess remarkable properties as quenching mediums. Regardless of the 
- infinite variety of nostrums introduced, none of them has found a place in 
: S commercial use. On the other hand, however, the quenching baths which 
- e found extensive application in the heat treating department are: Brine, 

o* B® water and oil. Each has its merits. Brine imparts the maximum hardness 
sie inable although its drastic action may cause the steel to crack if design 
“" mass are not taken into consideration. 

; Water is an excellent quenching medium, but it should be used with 
eka liscretion. Thin pieces of steel should not be quenched in water due to 
ove excessive distortion and their liability to crack. The writer has been unable 
oe draw a sharp line of demarcation between water hardening and oil 
na by hardening steels, but the results of numerous investigations indicate that 
high carbon (1.10) low manganese (.25) steel may be classified as water 
a: hardening while high carbon (.90) in conjunction with a higher manga- 
ditions Map nese (65) will come under the category of an oil hardening steel. Experi- 
> if he a ence has proven that if the high manganese steel is quenched in water 
yee the tool will invariably crack. | | | 
nd the i It is indeed surprising that water should show its maximum hardening 
nt. Tt Me Power at 100° I —See curve. his same result has been confirmed by 
a several investigators, Kurthermore, water between 180 x and 200 I 
okt, shows a hardening power nearly equivalent to oil at 70° F., 150° I. and 

i te 250° FF’. Consequently, the results of this research would indicate that hot 
as ad water could find more extended use as a quenching medium. | | 
Shins of On the other hand, however, water lacks hardening uniformity. Its 
aid: te. action is erratic, inasmuch as a change of 50° or 100° F. will alter the 
ey ‘end physical properties of the hardened steel. 
ial lt is the custom in some heat treating departments to use a water bath 
all th covered with a few inches of oil for quenching purposes. The oil layer 
J tes his prevents hardening cracks and mitigates the shock which is incident to 
Baie has quenching in water direct. Tools hardened in the aforementioned manner 
possess practically the same hardness as that obtained from water alone. 
sve inasmuch as the quenching mediums cannot be circulated, this method of 
au procedure lacks practicability for large plants. 


The proper selection of a quenching oil is a prerequisite for successful 
results in the heat treating department. The following indices are excellent 
criteria of the adaptability of a quenching oil: 

A—Hardening Efficiency. 
B—Hardening Uniformity. 
C—Viscosity. 
D—Flash Point. 

Hardening Efficiency 

‘he hardening efficiency of a quenching medium is ascertained by 
an arbitrary method. The outline of procedure consists essentially in 

hing a piece of steel of standard size and analysis in a standard 








Metallurgist, Crompton & Knowles Loom Works, Worcester, Mass. 
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volume of oj] at ditterent standard 


Inens are Brinelled and the value thus obtained is an index to the harde; 
cfheiency of the quenching medium at the indicated temperature. 

Some idea of the relative hardening efficiency of various oils can 
obtained by comparing the several] Brinell values obtait 
quenching temperature. By following the ordinate 
graphs, it will be readily seen that the compounded oj 
mum hardening power inasmuch as its Brinell value js 430, as aga 
390, 400, 360. 380, 380 and 400, for Fish Oil, Linseed oil, 
Salmon oil, Lard oil and Whale oil] respectively. 

The hardening efficiency of the various oils can p 
range of 40° F. to 300° F. by referring to the curves, 


Hardening Uniformity 
It is quite essential that a quenching fluid should posse 
range in which it wil] harden a piece of steel uniformly, 
uniformity is expressed by a set of graphs which have 
using the temperature of the quenching bath as abscissa at 
as ordinates. 


temperatures. The hardened Sp 


led at some spe 
/O in the subjoi 
| possesses the mm. 


Cottonseed 
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e obtained thry 


SS an appreciah)}, 
The harden), o 

been plotted 

1d Brinell values 


The hardening uniformity can be ascertained by noting the tend 
of the curve to remain in a horizontal position. The compounded oil and 
the mineral oil show very good hardening uniformity. Asa general propo 
sition, the various oils show practically a constant hardening uniformity 
that is, the temperature of the quenching bath may vary considerabl 
without appreciably affecting the final results, 

Viscosity 

Viscosity is the degree of Huidity which 
is an important factor in the determination 
range, given in the sub-joined data. covers the minimum. intermediate 
maximum temperatures which are likely to be encountered in 
practice. Low viscosity determines the 
handled. The hardening effect of a bath varies inversely 
Briefly, the quenching speed is retarded as the oil 
Uhe figures which are given are entirely arbitrary. UK 
337 for Linseed oj] at 70° F, signifies that it requires 337 seconds for ( 


cubic centimeters of oil to Pass through a standard orifice. When the oil 
is heated to 150° l*., 60 cubic 


nr 
tic \ 


an oil possesses. Temperatur 
of viscosity. The temperatur 
and 
quenching 
ease with which an oil can }, 
as its ‘Viscosity 
Increases in Viscosity 
The viscosity valu 


centimeters of the oil will pass through th 
same opening in 96 seconds. 
Viscosity—“Saybolt” 

Oil 70 Deg. Fahr. 150 Deg. Fahr. 250 Deg. Fahr 
ie ac 337 96 a 
Cottonseed ............ |) 328 9] 48 
OE ER BI BOSC ie Fone 294 85 46 
gy as pidig S50 169 
TE hace back 786 162 
Lard—No.1.......... 275 93 4) 
Compound Oil ........ 269 69 38 
Mineral Oil .......... 0177 S00 S4 36 


Flash Point 
The flash point of a quenching oil is the 
it will emit sufficient vapor to effect 
lighted taper is brought to within 
the oil. The flash point should be 
point has no bearing on the 


lowest temperature at whi 
momentary ignition (flash) whe: : 
“ne quarter of an inch of the surface o| 
- sufficiently high for safety. The flas! 
efficiency of an oil as a quenching medium 
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CONCLUSION 

In the comments that follow, the various oils will | 
their respective classifications : namely, animal. 
compounded oils. 


e discussed unde 
vegetable, mineral and 


Animal Oils 

The results of this investigation show that fresh animal oils possess 
good hardening eficiency and a wide latitude insofar 
lormity is concerned. A decade or so ago, 
extensively in heat treating practice, In 
vils have been displaced, due to a lack of uniformity in the results obtained 
alter prolonged use. Moreover, one shipment would give results which 
were entirely satisfactory, while another lot of the same oil would be 
the source of continual complaint. Another objectionable feature to the 
use of animal oils was that they decomposed on continual use, Decomposi 
tion Is usually accompanied by an increase in viscosity and a consequent 
reduction in quenching speed. Therefore, the results of the tests embodied 
herein must be accepted cautiously. Even though Satisfactory laboratory 
results are obtained. the commercial value of an oil can be ascertained 
only by practical tests. 


as hardening uni 
animal oils were used quite 
recent years, however, animal 


Vegetable Oils 

The values obtained tor vegetable oils parallel the results obtained 
‘rom animal oils. As in the above instance too much importance should 
not be attached to the apparent efficiency of the vegetable quenching 
mediums. It should be borne in mind that they possess the property of 
absorbing Oxygen from the atmosphere. 
‘S Telrigerating properties are Impaired. 
that a vegetable oil cannot be 
even though the results of the 


When an oil absorbs oxygen, 
Therefore, it would appear 
relied upon as a uniform quenching medium 
hardening tests point to the contrary. 
Mineral Oils 
It is difficult to differentiate between the 
neral quenching oil. The writer has known 
il has given excellent results, but the duty 
'n other instances. mineral oils are reputed to have undergone fractional 
distillation to the extent that the oils would lose their fluidity and clog the 
Pipes in the circulating system. There is a decided decrease in the effi- 
clency of a quenching medium due to its becoming viscid. \ test which 
conducted some time ago showed that the tensjle strength and elastic 
of test specimens decreased 13% and 149% respectively, due to the 
Use of a thick oil as a quenching medium. 
Notwithstanding, however 


sf ¢ 


merits and demerits of a 
of cases where a mineral 
imposed upon it was not severe 


1?00+4 


, if the mineral oil js not subjected to 
sage, it would appear that it can be introduced into small estab 
“nts without bad results. 

Compounded Oils 


imerous competitors have blended oils which are held In high 
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THE EFFICIENSY OF VARIOUS QUENCHING MEDIUMS 
IND THEIR APPLICATION 


h is compounded for a specific purpose should possess properties 
+h are designed tor the end in view. 
Che compounded oils not only show excellent hardening 


i 


em by the average heat treater. It seems only natural that an oil 


efficiency 
lening uniformity and low viscosity, but these properties remain in 
after the oil is subjected to high duty. 
Operating Data 
\nalysis of steel used. 
: Carbon 
Manganese 
Phosphorous 
Sulphur 
Silicon mS 
Dimensions of test speciments 7s” round by %” long. 
The quenching bath was used stil, free from circulation. 
Volume of quenching medium, 5 gallons. 
Steel quenched from 1475° F. 
Quenching in High Speed Salts 
The quenching of high speed steel in a molten chemical compound 
at a temperature of 1150° F. is productive of excellent results. Such a 
method of procedure serves a dual purpose, namely, the quenching and 
the drawing operations are combined. 
The treatment consists in heating the high speed steel to the desired 
temperature (22-2350° F.). The heated tool is then plunged into a molten 
quenching bath. 


\nother advantage incident to the above manner of quenching is 
that the tools aiter heat treatment are free from scale. Tools hardened in 
this way are also less hkely to warp. 

A set of microphotographs are embodied in this paper. 





No. 1—High Speed Steel No. 2—High Speed Steel 
525& — 5% Nital Etch 7 mins. Mag. 425K — 5% Nital Etch 7 mins. 

1 to 2.250° F. Heated to 2,250° F. 

hed in High Speed. Quenched in Molten (1,150° F.) 

Salts at 1.150° F.: then removed High Speed Steel Salts; then air cooled. 
led in air. Drawn back to 1,150° F. in High Speed 


Salts. 
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No. 3—High Speed Salts No. High Speed Steel 
\lag. 425> 5% Nital Etch 7 min. Mag. 425x — 5% Nital Etch 7 mins 
Heated to 2,250° F. Quenched in High Heated to 2,250° F. Quenched in Con ma) 
Speed Steel Salts at 1,150° F. Then pounded Oil. Then drawn back in Hig! 
juenched in Compounded Oil. Speed Steel Salts at 1,150° F. 


na V\ 
Remarks: | hav 


have 
The results of these experiments would indicate that eminently sat- is the 





Lin 


istactory results can be obtained by combining the quenching and drawit fF quenc 
operations in the heat treatment of high speed steel. Except for a few a 
the da 


an Ol 


coagulated carbide areas, all microphotographs show nearly the sam 


micro-structure. Print No. 4 gives evidence of a finer carbide formation, tempe 
which is due possibly to the fact that the transformation was arrested hath 
more rapidly. It is unfortunate that the results of practical tests could 

not accompany this paper, altho sufficient data has been divulged to incit 

further investigation. 


DISCUSSION OF MR. HILLMAN’S PAPER 


CHAIRMAN: You have heard Mr. Hillman’s paper, and I know 
represents a lot of work. I am sure all of you here use oil in some stages 
of the game, and I rather imagine there will be lots of questions. 

MR. GREEN: Mr. Hillman may be interested to know that in on 
of the largest plants manufacturing a certain kind of machinery today the) 
are using water bath for quenching certain parts of their machinery, whic! 
is maintained at a temperature of 105 degrees F. Coincident with Mi 
Hillman’s paper two other papers have been received bearing out the 
actual tests of the properties of water at 100 degrees F. 


MR. GILLIGAN: There is another element enters into the proble! 
of the quenching of steel, and that is the rapidity with which you get th 
liquid, either oil-or water, there. and the velocity with which you pass 
through the critical range. Mr. Hillman’s tests were carried out on sma! 
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ions, and still baths. Now in certain instances we have used oil sprays 
high pressure, and taking the heat units away with the greatest 
dity possible, and we obtained hardnesses that approximated those 
h water at a temperature of 65 degrees Il. Likewise, we have applied 
nary water at a pressure of eighty pounds per square inch with a fie 

iy and obtained hardness that approximated brine, but we avoided 
cks by discontinuing the quenching operation at an elevated temper- 
In other words, | think that the results that will be obtained 

vary with the method of applying the quenching medium. ‘That ts set 
forth in considerable detail in the ‘Transactions of the British 


lron and 
Steel Institute on or about 1908. 


CHAIRMAN: I think, following up the same line of argument, quite 
iittle work was done in Holland about the year 1900. 


MR. GILLIGAN: At one of the meetings of the Iron and Steel 
Institute in Great Britain, | think it was in the 108th Volume, it carries 
bout 150 pages of matter, criticisms and papers presented. 


MR. GRAHAM: ‘There is one point in the paper that | would like 
to call attention to, and that is the question of quenching in hot water, or 
in a water bath covered with a film of oil, that is. half an inch, or two 
inches deep, or whatever the amount that may be put on it. Now there 
ire a lot of you wonder why a tool hardener quenches a piece of steel 
na water bath and then quickly takes it out and puts it in oil. I know 
| have heard a lot of argument pro and con from practical men, and they 
have never been able to give a real reason for it. Some don’t believe it 
is the right practice. Now the actual reason, as I understand it, is that the 
quenching speed of the bath through the different ranges affects the 
breakage of the steel. You can quench through the critical range without 
the danger of breaking, but your breakage takes place below that. With 
an oil bath the rate of cooling is more or less uniform down to a low 
temperature, several hundred degrees lTahrenheit, while with the water 
rrested bath this is not the case. You cool quickly through the critical range 

could and the rate varies, and although you may start with hot water, which 
oo. cools through the critical range at approximately the same speed as the 
il, the speed varies when you are cooling thru the lower ranges, and it 
s at the lower ranges that the cracking takes place. Therefore, as | 
see it it is foolhardy to quench through oil into water and expect to 
eliminate breakage, because you may do away with the first shock, but you 
ire not eliminating the real cause of breakage, and that is the cooling of 
the steel through the ranges below the critical range, that is, through 
eight hundred to six hundred and four hundred, down as low as that. 
There have been investigations carried on along these lines that I don’t 
know whether they have been published or not, and that has been shown 
conclusively to be the case. 
There is another point regarding the use of oil that was brought up 
one of our recent meetings in New York, and by a speaker who has 
considerable investigating with the different quenching oils, and 
ide the statement, which is rather a broad statement “that he didn’t 
what kind of oil it was that was used as a quenching medium; that 
uld get good results with that bath if the temperature was kept 
rm,” and I believe that to be absolutely true. Of course the question 
terioration of the oil is another one. If you have an oil that breaks 
it is uneconomically used, but starting with a new bath and two 
nt kinds of oil, if the temperature of those baths are kept uniform, 


nation, 





TRANSACTIONS OF 
168 AMERICAN SOCIETY FOR STEEL TREATING 


you can obtain results that are very nearly the same, and in the ordi: 
run of work you cannot tell the difference. I think that that is sometl 
that the Steel Treaters should bear in mind, because you hear so m 
arguments just as the speaker said, about the different patent compou 
and oils, ete., that confuse you; of course, in choosing an oil you want 
oil that will give you the results in the long run; | am not talking ab 
that at all; we want an oil that will stand up, but I should think 
should be borne in mind. 


MR. McKILLIPS: I have attended a number of these meet 
from time to time, and this is the first that | have ever attended tha 
have been known to talk. If | were to write a paper on the heat treatm 
of steels, | would emphasize greatly the matter of oils. I would lik 
say here I have had years of experience along the line that might int 
perh: ips some of you, and that before | ever got to using pyrometers 
used to use a method of testing or heat treating similar to this: we w 
take a piece of steel of a given size and weight, made identically the sam 
heat it and then take a given quantity of water, say a pint of water, 
put that pint of water into a vessel; take this piece of steel and dro 
it into that pint of water; we would take the low temperature quenchi 
water, which we will say is about 70, take the piece of steel out of 
fire, drop it into the pint of water, and that would perhaps raise 
temperautre up we will say to 120 degrees, showing you a differenc: 
50 degrees. We used to take that difference—I don’t know where they 
this rule from; it was a rule figured out by Mr. Hadfield—and multiply 
by thirty. That will show us that we had a temperature of 1500 degr 
Well, I worked along that line for a long time until I began to see me 
that was anything but satisfactory, and I would go off to one fur 
to make a test that I knew was considerably higher than the other, 
| would get still a higher reading. I couldn’t tell for a long time why 
that was. I am saying this just to bear out the speaker’s theory on th 
high and low temperature of the quenching baths in .relation to heat 
[ will say you can take a piece of steel out of the very same fire that read 
1500 degrees, put it into the same quantity of water with a temperatur 
of 90 and instead of getting a difference of fifty you probably wouldn't 
cae but a difference of forty, which would only show you had 1200 degrees 
of heat, where previously the same fire showed you had 1500 degrees 
Well, I thought that over and fought it so until they thought I was.o1 
the wrong track in bucking it, and I finally, rather than do th: it, threw uy 
the job. Finally it came to me “How could I prove that thing wasn't 
right?” It dawned on me all at once that if I took water at 212 and 
dropped the piece of steel in there I would show that I had no fire at al 
(Laughter). Now that is very true, I think, and it is one of the most 
important things that we have in the heating of tool steel. 

Lots of people tell you about pyrometers and lots of people tell 
about furnaces, but we don’t spoil a lot of our work. A lot of your troub! 
is in the quenching. The quenching of the thing means in my estimatiot 
quite a lot. 


CHAIRMAN: One of the largest steel companies in this count 
with quite a nice pyrometer outfit is still using that method of measuring 
temperatures, and relying on it to the extent they accept it in preference 
to what I consider as good a pyrometer as there is on the market. If there 
is a difference between them they take the calorimetric readings instead 0! 
the pyrometer readings. 
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VIR. BUCKLEY: In regard to water quenching, there 1s one feature 

the steel men don't take into consideration, and that is that you will 
ce from Mr. Hillman’s chart as he starts at 70 and works along until 
nally dropped—lI have not the figures with me—Il don't know just 

tly what they were—that he gets the peak at about 100 to 110. Now 
is a reason for that. The reason for it is that water at 100 to 110 
absorb heat very much faster than at any other temperature. Now 
r he drops from 110 down you will notice that he is getting something 
will hold it up, because as the water gets hotter it slows down in 
nching speed. That is one reason why oil is more even in its action 
in water. 
Now there is another feature. He starts his bath at 100 but he 
not harden but very little steel before he gets up above that. Now 
has to have some way in which he can circulate his water and keep it 
about that temperature. I just want to say another word in regard 
\[r. Hillman’s microphotographs. Perhaps some of you will think that 
they weren’t quite as fine as they might be. I made those treatments 
yself; Mr. Hillman made the microphotographs. It was high speed 
steel, heated to 2250. We quenched in salt and went through four different 
vays of doing it. The first one quenched in the salt at 1150 and when 
he steel got down there cooled in the air. The second one was quenched 
salts, then taken out and cooled and then put back into the 
its and drawn. The third one was quenched in the salts and then 
quenched in open oil from 1100. The fourth one was quenched direct into 
the oil and then drawn back at 1150. There has been some criticism on 
those microphotographs that they weren’t as fine as they might have 
been. | wasn’t doing laboratory work; it went through in the shop 
production work; consequently it didn’t cost us twenty-five or thirty 


1] 


lars to make them, either. 


\IR. MERRILL: I would like to say here I have been using my 
sait bath at a temperature of 93 for a good many years, and I am just as 
iussy over the temperature as I am over my fire. 
for a number of years. 


[ have been using that 


MEMBER: TI don’t agree with my friend Hillman on some things. 
have had more or less scraps and probably will continue to do so, 

at the same time be good friends. There was one article in which 

he says that mineral oil is all right for small shops. I say No, that the 
small shop needs the good stuff just as much as the large, if not more so, 
because he only quenches a piece now and then, and he wants an oil 
that will remain thin all the time. That is, when I say that, that doesn't 
‘rease in viscosity. Mineral oil will absorb moisture from the air. 
ill deteriorate from being open, but with the compounded oil that he 
aks of it is hopeless; that is why the tests were made. The viscosity, 
ther, the baume of the oil after we got through with the test was 

sely the same as when we started. Now we can get an even Brinnel 
iness from 70 with a drop from 430 to 418 up to 250 degrees IF. 
the other oils,—there is a reason for the other oils. The vegetable 

rom the fact that as soon as we commence to use it you change the 

of the oils, which is caused principally by the fatty acid in the oil 
hickens up and the light end evaporates. Consequently, after you 
uenched for a short time in these kind of oils, take for instance a 


R. Seidell and G. J. Horvitz, “Physical Qualities of High Chrome Steel,” Iron 
103, No. 5, Jan. 30, 1919, pp. 291-294. 
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week's quenching, they will deteriorate very rapidly; even at the s 
temperatures you will get very much softer ‘work, due to the reason 
they oxidize. ; 


MR. HILLMAN: I wish to call Mr. Buckley's attention to th 
that three of the largest manufacturing concerns in Worcester, Mass.. 
using mineral oils. One of them is a part of the U. S. Steel Corporat 
\nother is a large chain works, and the third is the Fiat Comp; 
There has been nothing proven against mineral oil. There is no doul 
my mind but what mineral oil undergoes fractional distillation, of cor 
but there are a lot of the biggest concerns in the country using it. 


MR. BUCKLEY: One of the three that have used the othe: 
claim they never had anything like it. They have gone to mineral 
but they have five thousand gallons of the other oil saved neverthe ™ m 
In another instance of a spring concern they began using the mineral oj] howi 
but it thickened up so they couldn’t pump it through the pipes at all 
hose two instances both occurred in the same city. ‘dD 


STAINLESS STEEL 
ITS TREATMENT, PROPERTIES AND APPLICATIONS 
W. H. Marble* 


(A paper presented at Philadelphia Convention) 

“Stainless Steel” is so exploited on account of its peculiar property, sa 
when properly hardened and finished, of resisting oxidation and corrosio: mi es 
by the ordinary agents. oe 

It has been stated at various times that its discovery was accident 
whereas a careful search would indicate that two men, working indepen 
ently, with no knowledge of what the other was doing, actually developed 
this unique alloy. 

In 1911, Mr. Elwood Haynes, of Kokomo, Indiana, made experiments 
with alloys of iron and chrome, with a view to determining the effects oi 
chromium on the resistance of steel and iron to chemical and atmospheric 
influences; also its effect on the hardness, elasticity and cutting qualities * 
of steel. 7 

About the same time, or possibly a little later, Mr. Harry Brearley, the J \ ct 
eminent metallurgist of Sheffield, England, discovered this alloy while J o'- 
working on armor-piercing projectiles for the Russian Government. At 
that time, he was investigating powder-erosion. His tests produced 
non-erodible alloy which did not scale easily and did not tarnish when 
exposed to the action of many acids, including fruit acids. 

The demand for a non-rusting or non-staining material for knives and 
other cutting tools or instruments suggested itself as a big field for Stain 
less, and this probably was one of its first uses. Scientific tests have sinc 
proved conclusively that a Stainless blade properly made. hardened and 
tempered, will take and maintain an edge equal to the best cutlery, with 
the added asset that it resists rust and stain. 

During the late war period, all Stainless supplies in England wer 
appropriated by the Ministry of Munitions. The bulk of this material was 
used for a purpose similar to that for which it was designed-—exhaust 
valves for aero engines, which are required to be strong and resist erosion 
at high temperatures. Its subsequent use in this country naturally | 
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*Manager, American Stainless Steel Co., Pittsburgh, Pa. 
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STAINLESS STEEL, ITS TREATMENT, PROPERTIES 
AND APPLICATION 


d, and it has been used successfully, and in large quantities, in place 
igh-nickel and high-tungsten steels. 

It has been stated too, that Stainless is “one of the indirect 
iprovements in the manufacture of carbon-free ferro-alloys.” 


results 


Previous Investigations 

In 1917, Dr. W. H. Hatfield,t of Brown-Firth’s Research Laboratory, 

field, England, published results of tensile and impact tests of a steel 

taining about .30% carbon and 13% chromium. He has also shown 
parisons between air, oil and water quenching, followed by a relatively 
h temperature tempering. Some of his results have been incorporated 

report submitted to the joint Iron and Steel Committee of the S.A.E 

A.S.T.M. This report also includes a brief discussion of proper 
methods of working, annealing and finishing Stainless Steel, with a chart 
showing the results of scaling tests with Stainless, high-speed and other 
illoy steels. 

Messrs. French and Yamauchi, of the United States Bureau of Stand- 
irds, show, in Chemical and Metallurgical Engineering,*® some very valuable 
tables, giving results obtained by varying the quenching and tempering 
temperatures. ‘Their results would indicate that quenching from about 
1,750° F. develops the best combination of strength and ductility, although 
= ow not give the maximum hardness; that ductility as measured by 

longation and reduction of area is very low in those samples quenched 

from 1,850° I. and above; that maximum hardness is generally obtained 
at about 1,950° F.; that the most rapid change in tensile properties and 
hardness occurs in tempering between about 800° F. and 1,000° F. 

Messrs. Seidell and Horvitz, at the present time with the New York 
lesting Laboratory, discuss in Jron Age,* results of experiments carried 
out to find the relation between hardness and double carbides in solution. 
(hese results show that with a quenching temperature of 2,150° F., a 
maximum hardness is produced; that after suitable drawing treatment 
under these conditions, tensile strength and ductility are maximum. They 
also show by means of photomicrographs that with minor exceptions, the 
micro constituents of Stainless Steel are analogous to those with 
we are familiar in ordinary carbon steel. 

Mr. Elwood Haynes, in an address before the Engineers’ Society of 
Western Pennsylvania, November 25, 1919, draws these conclusions as a 
result of tests made during the past several years: 

That an excess of 8% chromium makes the alloys practically immune 
to nitric acid; that these alloys could be hardened by heating to redness 
and quenching ; that they are distinctly malleable ; that the alloy was much 
more easily worked if the carbon content were kept below 1%. He also 
states that its immunity to acids is due primarily to its composition ; that, 
although quenching in water enhanced its resistance to a considerable 
degree, it is best to use oil for quenching, in order to avoid local contrac- 
and stress in the finished product. His tests have shown that air- 

forgings show a remarkably fine grain and good cutting qualities, 


which 


( ] 


W. H. Hatfield, “Heat Treatment of Aircraft Steels,” Automobile Engineer, 1917, 


Journal of the Society of Automotive Engineers, vol. 5, No. 3, September, 1919, 
and 263. 

H. J. French and Yoshito Yamauchi, “Heat Treatment of a High-Chromiuimn 
Chemical and Metallurgical Engineering, vol. 23, No. 1, July 7, 1920. 
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the bars showy aln 
By increasing the carbon cont, 
rendered sufficiently hard | 


VY quenching 
scratch glass. Smal] castings ¢ 


an be made by the use of chill molds. 
Chemical Composition 
a standard analysis has been the result of count! 


generally that, within certain 
Increased with the incre 


‘| he selection ot 
tests that showed limits, Stainlessnes¢ 


ase of chromium and the decrease in carbon content. & baleen 
NMS Satie 3 Wine dori gout in aadt. 20 to 40% Hon 
ON Sh sie ib acetic: . cots 11.40 to 14% pth 
wy sag ETT et ae not to exceed 509% 
tea ae OE Ts not to exceed 30% ais 
Sulphur and Phosphorus ....... |. as low as possible. ihe 
: ner 
The question of increasing the carbon point, as well as the effects oj steel 
at higher silicon content, have been rather exhaustively investigated, but IJ rem 
with no subsequent change, for the present, from the foregoing analysis nne 
A brief resumé of the effects of certain elements upon the various 
properties of the alloy may be of interest. | 
Effects of Various Elements ir 
Carbon.—The carbon content usually found in Stainbess Steel is .25 t : 
40%. Under .25% the steel will not harden successfully, while above 40¢ steel 
it is difficult to forge and begins to lose its non-corrosive property. Prop ra 
erly hardened Stainless of correct composition is a martensitic Structure § i 
with numerous globules of double carbides of iron and chrome present Be - 
The steel varies in hardness in direct Proportion to its carbon content. “or 
Chromium.—Chrom: Is the most Important element and IS practicall, uP - 
the only alloy used. It is from the chrome content that Stainless derives 4 
its resistance to the various oxides and corrosive agents. Chrome forms . : 
carbides with the carbon, which compound not only furnishes the requisite § scl 
hardening Properties, but is in itsel{ one of the most difficult substances Bm 'S@en 
known to oxide or corrode. Pure iron is also known to show great resist 
ance to acids and oxidizing conditions. and as hardened Stainless js theo- (“4 
retically a matrix of iron containing chrome carbides, the combinatio; ot 18 
furnishes an alloy which is highly resistant to stain or rust. quent! 
Silicon.—Silicon neutralizes the hardening effect of carbon, thereby tail 
making possible the use of a much higher carbon content. It has a tendency except 
to remove gaseous impurities and oxides which assists in the formatio1 steel i 
of a sounder steel] mass, free from slag, seams and blow-holes. To offset up to 
these desirable Properties, however, the silicon retards hardening and §& allow 
increases brittleness. Stainless containing high-silicon cannot be hardened 1.100 
to the same extent as can the same stee|] without it. It js best then, t \iter 
keep the silicon content low. machir 
Sulphur and Phosphorus.—Sulphur and phosphorus are injurious in Pr 1,00 
that they assist in the formation of an electrolytic action which induces 
corrosion. They also have a tendency to segregate. These elements ar 
impurities and should be kept as low as possible. Ll] 
Manganese.— Manganese counteracts the injurious effects of sulphut temper 
by forming sulphides in Which formation sulphur does not show a marked Water, 
tendency towards “red shortness.” The manganese content should be kept the st 
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STAINLESS STEEL, ITS TREAT] vi, 


AND APPLICATION 


although a small percentage is necessary t 
Other elements such as nickel] 
in Stainless Steel. but it 
been derived from their 
is it is known, serve only 


y to assist in hardening 
» COpPper, cobalt and tu 


hnesten have been 
is doubtful as to whether 


any great benefits 
use. The addition of tunesten and nickel so 
to increase the luster of the polished section 


Manufacturing 
Che manufacture of Stainless Stee] In a general way very similar 
high-speed ao It is melted in two general types of furnaces, 
wn as the Crucible and Electric. the ition and construe 
tion of which are 


ce 


process of Opera 
no aiihe familiar to everyone. The 
the actual heat treatment can be stated briefly 

After the ingots have been cast and allowed to cool 

“box annealed” at a temperature as near 1.380° FF as possible, for a 
period of about 13 hours. The vy are then allowed to cool slowly to atmos 


‘ric temperature. This is most important, for Stainless, like high 
steel, 1s air-hardening. Ingots 


emove all surface defects. 
iealing Operation. 


steps leading up to 


somewhat. they 


speed 
usually planed to 
The material will machine very easily after the 


before forgings are 
Forging and Rolling 
Betore forging the ingot should be 


heated slowly up to a temperature 
{ from 1,650° F. to 2.100° F. 


It should be cogged down by 

‘are being taken that the temperature does not fall below 1,650° I. If the 
steel 1s worked below these tempers itures, it is liable to be ruptured or 
broken under the heay yv blows of the hammer. .\ noticeable feature of this 


operation is the very in: appreciable amount of scale formed. The steel will 
ee hard 1 f allowed to cool 


upon the exact composition 
up to which it was heated | 
may vary over wide limits 


Casy stages, 


1 
| 


n the air after forging, the hardness depending 

of the material and the highest temperature 
efore being finally hammered. 
‘to correspond with 
the temperature before hammering 
brinell hardness of only 250 if the temperature before hammering had 
reached 2,000°F. 


This hardness 
a Brinell hardness of 500 
Was as low as 1,800° F.. or to a 


Annealing 

One of the char: acteristics of this steel is that if 

of 1,800° F. and allowed to cool quickly, 
quently, after forging it must be annealed before it can be 
Stainless Steel should be ; annealed about the same 
are that the heat should be about 1,400° F, 


steel in pipes, and cool pipe and steel 
up to ‘aon 1,400° F. in an 


~ 7 
| 


heated to a te mperature 


it becomes hardened. (Conse 


machined. 
as high- grade tool steel, 
A good way is to heat the 
very slowly in a pit, or to heat it 
open furnace, then close up the 
low the steel to remain there while the temperature 
1.100° F. Then take the steel out and allow 
\iter annealing, it will have 
chines easily. 
1,000° F.. 


furnace and 
drops sli wy to 
it to cool nz iturally in the air. 
a pardness of approximately 200 Brinell and 
Should a softer condition he required, heat to 1.560° F. 
and follow by very slow cooling, 


ee 
Chis material may be hardened j 


1 all Fe oil o1 water. 
‘rature is somewhere in the 


vicinity of 1,750° F 
r, ai? cooling in the air depending on the size 
tee | should be tempered back to suit the 
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with any other alloy steel. If the higher hardening temperature is ch 
it will require a correspondingly lower tempering temperature—the rey 
of a carbon steel. 
Temper Colors 

Temper colors appear at approximately twice the temperature of « 
nary carbon steels, for the higher heats, so that the temper should be dr: 
to a definite temperature in a bath or furnace instead of drawing to a c 
A good tempering temperature for a knife blade is about 280° F. to 300 
but for a valve it would be necessary to go as high as 1,100° F. TT 
colors are due to very thin films of oxidized metal. As Stainless S 
resists oxidizing, it requires more heat to produce a given color than o 
nary tool steel, as is illustrated by the following table, the temperature 
of which are only approximate. 


Appears on Appears on 
Stainless Steel Tool Steel 
(Degrees (Degrees 
Color Fahrenheit) Fahrenheit) 
Faint Yellow ee 
Light Straw 575 
Dark Straw 660 
Purple (Reddish) 750 
Purple (Bluish) 850 
Blue 
Gray Blue 
Greenish Blue 


As the temperature of ordinary steel rises, the surface oxidizes into 
a scale of measurable thickness and even at a low red heat, the thickness 
of the scale increases with time. Stainless Steel behaves quite differently. 
Up to a temperature of about 1,520° F., the gloss surface due to polishing 
and hot tinting is permanent, and the specimen neither gains nor loses 
appreciably in ‘weight. Its comparative value in this respect is illustrated 
by the following chart which records the percentage lost in weight of 
various steels after exposure for many hours at temperatures above red 
heat. 


Corrosion 

The steel’s power to resist stain does not reside in any finish which 
may be applied by the manufacturer, but in the hardened steel itself 
However, rough the surface of a hardened, hardened and tempered article 
may be, if it is a clean metallic surface and has not been distorted, it 
be rustless. However, to exercise this feature to the best advantage, 
really good ground polished surface should be provided. Where the high- 
est possible degree of resistance to corrosion is essential, it is recommended 
that the parts ‘be drawn back very slightly after hardening, and that they 
then be polished free from scale marks, hair Jines or other surface imper- 
fections. These imperfections if left, serve as nuclei from which corrosion 
is apt to spread. This process is essential only where the bright color ot! 
the polished metal is desired to be permanent. 

Stainless Steel does not corrode when in contact with other steel. It 
is, however, attacked in an otherwise non-corroding liquid when in direct 
metallic contact with copper or copper alloys, such as gunmetal. 
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Etching.—A mixture of nitric and hydrochloric acid will etch Stainless 
Steel; hydrochloric acid alone in which copper sulphate has been dissolved, 
serves very well for light etching. The use of a mixture of nitric and 
hydrochloric acids might create fumes which are objectionable, in which 

it is good commercial practice to use a saturated solution of ferric 
hloride in hydrochloric acid. Another etching solution consists of two 

of 50% solution of hydrochloric acid; two parts of 15% solution of 
ionium persulphate, and one part of a concentrated alcoholic solution 
nitro-phenol. 


Cold Working 


old working of Stainless Steel destroys its stainless property, and 
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unless it is heat-treated subsequently to restore it, it is useless to put 
pressed parts into use necessitating its resistance to corrosion. The } 


: mn 
treatment necessary to restore the stainless properties ot cold-wo) C ile 
Stainless Steel is by hardening and te ‘mpering. Hardening will necessi | 
bringing the steel to a temperature of about 1,650 I’. Care should als . s 
taken that the material or parts be thoroughly annealed between succes it 
pumila, ba 

Physical Properties iccom 
The physical properties do not vary greatly when the carbon is withi: ch 
the usual range of composition, or when the steel is hardened and tempered & V 
in air, hardened and tempered in oil or water. B epecifi 
A comparison of these properties is shown below, under conditio: : 
air, oll and water-hardened steel of the following composition: 7 
NO tee. ck | + acne .p a Sarees OES 240 
he. Pure-Gbacd v.25 au akewe waates 300 
NN ee SDS eae ee eee ee 035 
ME run vt wee 5 VND EES TR TREES 035 or dri 
nn t.% .? Sos sn wee badasareeeanie bare’ 12.850 eatil 
Nl g oa Wis ieee els Seam hie corer 200 his | 
i : t hat 
Heat Treatment—Mechanical Properties ae 
llardened ‘lempered 2 
from at Reduction JR ‘o” 
Degrees Degrees lastic Tensile Klongation of Area && 4 ain 
ahr. Kahr. Limit Strength Per Cent PerCent §& “ a 
. 
Air Hardened m Vcr) 
1650 930 158816 192416 13.0 10.5 | UU 
1650 1100 99680 120064 21.0 59.2 rae 
1650 1300 70784 101248 26.0 64.6 4 
1650 1380 66080 98336 28.0 63.6 fe Dlade 
1650 1470 70784 96992 27.0 647 F ih 
nigh 
Oil Hardened mm app 
16350 930 163072 202720 8.0 182 fm cen 
1650 1100 88256 116480 20.0 56.9 _ ‘er 
1650 1300 77952 105504 Fa Pe 63.8 wher 
1650 1380 88256 98784 27.0 66.3 pack 
Water Hardened 
1650 830 158816 202048 12.0 34.2 | 
1650 1100 90272 120736 22.0 59.8 — 
1650 1300 66080 102592 25.8 64,7 — 
1650 1380 67200 97888 27.0 65.2 
(The above tests were drawn for one hour at the noted temperatures an 
and allowed to cool in air). | an 
This steel has a co-efficient of expansion of .00001091512, which |s 1 


slightly less than ordinary steel. 


Applications 
Cutlery.—Kuives made of this steel are in all respects quite equal 
those made of the best qualities of cast steel, besides having the advantag' 





STAINLESS STEEL. ITS TREATMENT. 
AND APPLICATION 


IT ¢ ing stainless. The composition of about 13°, chromium and 306% 
ie | mis used. Dr. W. H. Hatfield® is authority for the statements that 
Wo! Stainless Steel could be hardened far in excess of actual requirements for 
ESS knives, carvers, pocket-knives and razors. To get such results, the 
als steel should be hardened from temperatures of 1,740° F. to 1.830 I. or 
CeSSi\ ibout 250° F. to 300° F. higher than the usual temperatures necessary in 
| hardening of high-carbon cast steels. Successful tempering can be 
iccomplished by placing the knives in an oil bath for 35 minutes, the oil of 
Within | ch is maintained at a temperature of about 355° [. 
npere| Valves.—Valves have been generally made to meet. the following 
P) specifications, in the annealed condition : 
101 : Yield Point, pounds per oquare inch... es. 70,000 
Tensile Strength, pounds per square inch......_ YO O00 
“longation in two inches .................... 77 IS% 
aeeenew ae PE Seer Oy sinew Blais iy IO% 

(he usual heat treatment is to quench in oil from 1,650° F. and temper 
or draw at 1,100° F. to 1,200° F. One manutacturer hardens valves by 
eating the previously annealed valves to 1,650° T°. and cooling in air. 
(his gives a Scleroscope hardness of about 50. Should a greater degree 
ot hardness be desired it can be obtained by heating to 2,000° F. cooling 
nar. This gives a Scleroscope hardness of about 73. 

p besides its use for cutlery and valves, the purposes to which Stainless 
ction ae cen be applied are legion. The fact that nickel steels containing a high 
i. B percentage of nickel, are difficult to machine, opens up a large field for 
ro B Stainless, in that it can be readily softened for machining purposes and 

alterwards suitably hardened to resist wear and stress. As this material is 

very difficult to deform, and is not easily eroded at temperatures up to 
1() 5 1200° T., it is an excellent material for the manufacture of hot dies, extru 
50? sion dies, punches and moles for die castings. 
646 Other engineering applications of the alloy may be mentioned—turbine 
626 blades, pump rods and valves. acid pumps, rams, evaporating pans, races 
647 ind rollers for ball bearings, refrigerator machinery. Several instances 

m might be cited where turbine and pump parts have maintained their bright 

® ippearance, with a very inappreciable amount of corrosion, after having 
182 : been in use for several years. Due to the extreme toughness, ability to 
56.9 resist abrasian, and its mirror-like finish, movine parts made of this alloy 
3.8 wear longer, and, due to the reduced amount of friction, require less re 
6 2 packing. Since the steel is atfected only slightly by salt water or salt air, 

itmay be employed for a variety of marine purposes. 

In the electrical field, Stainless Steel is used for permanent magnets 

34 9 nd for electric cooking stoves and utensils, where the advantages of per 
98 manently bright and clean surfaces in assisting the reflection of heat and 
47 ronsequent economy of current are immediately apparent. 
5.2 CONCLUSION 
his steel is costly to produce in the form of cutlery by reason of the 
ere necessity for better grinding and more careful forging in consequence of its 
ie sreat hardness. For general use, it may be said that it is costly to manu- 
Mi facture by reason of the expensive alloy employed, and the comparativel 
he waste (due to scrap) involved as a result of very careful inspection; 
there is a very wide field of usefulness before it. 
cll Dr. W. H. Hatfield. “Cutlery—Stainless and Otherwise,” December 17. 1919, re 
tag in the American Cutler. June, 1919, 
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DISCUSSION OF MR. MARBLE’S PAPER 


Chairman: Mr. Marble informs me that Dr. Johnson will reply 
any discussion along these lines, so you will now have another op; 
tunity to discuss this same subject as was first presented, as well 
points that Mr. Marble brought out. We now have ten minutes for 
cussion. 

Mr. Hupp: I would like to ask Dr. Johnson what has been the 
sults of experiments in treating the acid-resisting cutlery in a solutio: 
sulphuric acid around a temperature of boiling water? 

Dr. Johnson: All the value of acid resisting is secured at low te 
peratures. That is, you are speaking now of the first paper I take it. 
would say that the stainless steel is not much in resistance to sulphuri 
acid. None of that type of steels are. But the other type I mentioned 
offers very considerable resistance at low temperatures, but if you apply 
heat then your resistance begins to fall down very rapidly. The value of 
low temperatures for resistance is well known; if you have something you 
are not intending to apply heat to it comes in very promisingly there. [i 
you apply heat the resistance begins to break down. 

Mr. S. J. Sharpe: I would like to ask Dr. Johnson if this steel would 
be suitable for etching on such as textile work? 

Dr. Johnson: ‘The other type of acid resisting, flame resisting, and 
non-magnetic offers very considerable resistance at “ordinary temperature 

Mr. Shi irpe: Would you consider this a good grade of steel for man 
facturing mills of that purpose? It is etching with sulphuric acid. 

Dr. Johnson: ‘The stainless steel will etch all right, but the flamc 
and acid resisting will not etch with sulphuric. 

Mr. Sharpe: It would stand up, though. We use now about a .40 
carbon steel for these mills. We have quite frequently a break-down o1 
the surface after having the pattern for the mill all etched. Maybe w 
will use it about fifteen or twenty minutes and one spot will break down 
Now whether or not this stainless steel would stand up after tempering 
or case hardening better than the average .40 carbon steel is what I want 
to get an answer to. After you have etched the pattern on it and 
hardened. 

Dr. Johnson: I would say, yes 

Mr. D’Arcambal: During the war we used stainless steel valves for 
the Hispano-Suiza Motor, and we found by heating the valves up to 2100 
and quenching in oil at 1400 we got very good results. 

Dr. Johnson: That would be all right up to two thousand Fahren- 
heit ; I would say it is perfectly safe for stainless steel at that temperature. 
[In the first paper we showed photographs of stainless steel breaking down 
up above two thousand degrees. It is perfectly safe, however, up to that 
point I would say. 

Mr. DeVrees: The last speaker has mentioned double carbide 
chromium, in the .30 carbon, .13 chromium stainless steel. Now I must 
confess that I don’t believe he knows anything about that, but I would 
like to ask him if he has isolated those carbides > If he really has done it 
it would be extremely interesting, because it seems to me that when you 
have free carbides in a mass of material that those are going to be electro- 
positive or electro-negative to the surrounding ground mass of the steel, 
and would, naturally, when you put electrolite like sulphuric or nitric acid 


t 
A 


or salt water on there, form rapid points of attack. Now if he has any 


information on that I would be very glad to hear it, because it has been 
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d there are no microscopically detectable free carbides in that kind 
teel. If he has some later information I would like to have it. 
Johnson: I would say that I will give no opinion one way or the 
other, because I have made no attempt to separate these. In fact, I don’t 
know whether Mr. Marble has any information on that or not, but that 1s 
remark. Now whatever Mr. Marble may say on that is up to him. 
Mr. Marble: I think I can show the gentleman my authorities. | 
authorities for my statement. Mr. Seibel of the New York Testing 
Laboratory is one. 

Member: I may mention in that connection that I was at the New 
York Chapter meeting when Don Clark, I believe it was, read a paper 
long very much the same lines as the last speaker, and I brought up the 
sae question, but I got no information. This is not a question that I am 
asking for any reason except it seems to me that it is very interesting in 
connection with the rusting and the staining of the steel. If we get a 
lot of free carbides there it is evident they are going to be either electro- 
positeee or electro-negative to the surrounding eround mass, and since 
the speaker said there were double carbides of chromium there, which 
| very much doubt myself, because there is only .30 carbon in the steel, 
and with that in the steel it is very evident to every metallurgist you 
cannot get much of the cromium to unite with the carbon. It is almost 
self-evident that although cromium in itself is an element that goes with 
the carbon in the steel and likes to form carbides when it has a chance, 
it is not going to have much of a chance when there is only .30 carbon 
aia to form it with. 

. Johnson: As I said before, I have made no tests on this and can 
rs. give a supposition, and I am free to say I wouldn’t be surprised i 
you defined those carbides, but it is only a supposition. In the Retails 
shown in the picture it would perhaps show an indication of carbides. 
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DISCUSSION OF MR. TROUT’S PAPER 
Published Vol. I, No. 1. Page 51. 


MR. COX: Would the producer gas installation be economical for a 
consumption of about three million cubic feet of gas a month? 
MR. TROUT: You have got to get that down to terms of the hour 
it would be about a thousand feet an hour? 
MR. COX: It would be about 1,000 feet per hour for each furnace, 
and we have ten of them. 
MR. TROUT: There is an economic condition there. You could 
proauce your gas with an over-all cost of about 47 to 50 cents. 
MEMBER: You have cited several tests against oil, and if I am 
ect you gave the B. T. U. input considerably in favor of gas in each 
cace. Am I correct in that? 
MR. TROUT: Yes. 
[EMBER: Now in your paper you made the statement that the 
temperature of oil was considerably greater than producer gas. 
TROUT: I didn’t say that. I said that on account of the high 
temperatures it is easier of application, referring to oil. 
EMBER: That being the case, assuming, for instance, that the oil 
_& higher temperature, how do you account for the difference in the 
” U. input? 
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MR. PROUT: It seems to follow that a gaseous fuel is more ARI 
ciently applied to a furnace than a solid fuel. 
MEMBER: ‘That being the case, now is it a case of application n 
than it is a case of the fuel used? ; 
MR. TROUT: Admitted. anni 
MEMBER: That was the point | wanted to make, that it wasn't steel 
fuel but the application. Now in the test you made you mentioned e ¢ 
fuel going in and what came out, but did you know that your oil fire was SO 
not excessively over-ventilated and that you were losing your heat thro cking 
over-ventilation ? W 
MR. TROUT: These tests were made by the engineers of the auto proude 
mobile plant and sent in to us. They were supposed to have been mac paper 
with all care taken of that. 1 will be glad to show you a copy of it. ost 1 
MEMBER: Now I am not boosting any particular fuel. We ar juered 
hrm of hoisting engineers. The point is so often made that there is an eer r 
economy in a particular fuel, and our experience is that there is no particu SICKIe 
lar economy in any particular fuel except as caused by local oe in &f Ul 
the price of the fuel. Seventy-five per cent of the cause of fuel econ Bm entitles 
lies in the application to the individual plant. within 
MR. TROUT: There is some difference due to heat liberated throug! M os 
different processes of application. It may be possible to apply oil through a ; 
sonie of the newer types of burners and methods of gasifying that oil a iV 
before entering the furnace that would give you as high efficiency B. T. U aol 
for Lb. T. U. as we now get with gas applic ations, but with the ordinan eee 
application in the many plants that we visit that is not the case. ee 
MEMBER: I know you are correct in that statement, but it would a id 
seem to me from my observation, and I have followed this game for ae 
possibly twenty years now, that as far as a matter of applic: ation to th ‘“ ci 
plant in steam boiler work is concerned, we can secure a greater over-all ok aa 
efnciency with oil than we secure with any other fuel. I am not boosting ial 
oil, either, but we get the highest over-all efficiency with oil that we dé a 
with any fuel. We get it because we have a good application. a the 
MR. TROUT: Maybe you have not applied the other fuel as eff se 
ciently as you do the oil. that it 
MR. YOULE: That is entirely possible, but we get our efficien is oe 
in oil from flame temperature in that case. religioy 
MR. TROUT: I don’t think that would be true in the case of th the qu 
paper under discussion with heat treating furnaces. is tl 
MR. YOULE: Oh, no, I didn’t mean to give that impression. ection 
MR. ROCKWELL: I would like to ask how you take care in a small I} 
producer plant without a gas set? recom 
MR. TROUT: The construction of the plant is such that the gas Hon € 
exhauster which is used in connection with bituminous coal or on anthra- men ar 
cite where the gas is used for fuel purposes, there is a gas ey ) irom t 


stalled in each plant and that is either changed in speed by automa 
control through pressure in the distributing line or else there 1s a by-pass 
around the exhauster which automatically maintains a uniform sieaute in 
the distributing line. 


MR. ROCKWELL: How does it affect the chemical =. 4. 
the gas? Supposing there was a variation in flow throughout the plant ihe 
MR. TROUT: Practically not at all, that is, within commerce a 


limits. 
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FARIOUS QUENCHING MEDIUMS AND THEIR APPLICATION 
By W. G. Lottes* 
(.\ Paper presented at Philadelphia Convention ) 

wish some of the members of the committee would tell me why they 

d me to read a paper on quenching medium for the heat treatment ot 

ste | know there are hundreds of members of this organization that are 

competent than | am to read a paper on this subject. | am afraid 

some of the college bred members have put up a job, as they do enjoy 
icking on a Freshman. 


~ 


Whatever their object was, | want to tell you that it was among the 
















" proudest hours of my lite when I received the invitation to prepare a 
nad aper for this, our Second National Convention, on the treatment of the 
most indispensable metal on the earth’s surface. With it we have con- 
i uuered the beast and the monarch. We have protected ourselves and our 
se country with the pioneer’s coming, the ring of the anvil, follow ed by the 
ee sickle that cuts the ripened grain and many other labor saving devices. | 
?- Che subject of quenching medium for the heat treatment of steel is 
_homy |g cutitled to more consideration than it has received in the past, especially 
within the last ten years when we made greater progress than we have in 
ny ten years previous. 
sii first, | want to say opinions on this subject vary, similar to religious 
vee" nd political opinion, and some are just as unreasonable. 
0 \We have had patent quenching mediums on the market besides the 
t . lany secret mixtures and the many different waters used and sold, sonie 
pe rom certain spring's, rivers and wells; rain water that fell certain times 
_ i the year or Holy Days; rain water that passed through horse barns; 
ee muddy rain water, which has some merit in preventing water cracks due 
oo to the slower cooling quality. 
ro the os =e . 
: In the majority of cases when the tool hardener, or whoever did the 
(CI -dll 


heat treating, got results quenching in any of these mediums he was very 
careful not to tell anyone. Very often his employer did not know what 














en e was using, but both had all the confidence in the quenching medium 
Z to the extent that the employer felt that his hardener was one of the 
$ em indispensable men at his factory. All concerned were of the firm beliei 
that it was the quenching medium that gave them the quality that he 
c1en vas getting. They were just as firm in their belief as people are in therr 
religious belief and today we have some men who make their living selling 
of th the quenching medium to the blacksmith by making him believe that it 
was the only safe thing to use to secure everlasting happiness in con- 
nection with the hardening of steel. 
. small hese same men are still getting converts, get the same letters oi 
recommendation the patent medicine man gets and unless this organiza- 
he gas on exposes the many fake compounds and quenching mediums, these 
unthra men are going to get what the patent medicine man was not able to extract 
ter in irom the people under false pretense. 
omatic It is not a difficult matter to test quenching mediums, as you will 
yy-pass see on the curves shown on Plate No. 1, page 186. 
sure in lt is also not a difficult matter to control your quenching medium 
different temperatures and circulating speed. 
ties | low many of us have really gone into this to the extent that we 
, plant should know what the effect would be by using water at different tem- 
mercial a 





*Steel Expert, International Harvester Co., Chicago. 
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peratures compared with the special quenching oils. 

The use of caustic soda or salt and at a temperature that will co 
the same rate that these oils do, beyond a doubt will give us the s 
results. 

[ do not believe there is any doubt in the minds of any experie: 
steel treater that the rate of cooling from the proper heat controls 
hardness, 

[ am convinced that the rate of cooling from above the transformat 
point down to about 800 degrees Fahrenheit is what controls the qu 
of the effect of the heat treatment on all carbon steels. 

I am also convinced that a 30-40 carbon steel of the larger ar 
not an oil hardening steel. We are limited in getting the desired hardn 
in oils of the larger area on carbon steels. 

When quenching in water, we have better control of this by the 
of soft water at different temperatures and the use of different percenta; 
of common salt or soda mixed with the water. 

For the past two years, | have done some experimenting, using h 
water in place of oil; not in laboratory test but in a regular manufacturi: 
proposition. The curve shown in this picture shows the effect of water 
at different temperatures compared with oil on a two inch diameter wit! 
a pyrometer couple fastened in the center. The principal object of this 
test was to show me the effect of quenching a piece of this area towa: 
the center of the bar. 

It is necessary in many cases that our quenching medium should | 
such that it will effect thé steel to a greater depth than is possible to get 
in oil. The cooling from a heat beyond the transformation point dow: 
to about 800 degrees Fahrenheit should be sudden. From here down th 


rate of cooling is of less importance except for parts that must be very 
hard, then large uniform areas may be withdrawn from the water at about 
this temperature and eliminate the drawing operation, at the same tim 


Lilli 


prevent some distortion. 

We should figure the cost of heat treatment of steel just as we di 
any machine operation. In the past in the majority of cases the mai 
who did the tempering very seldom gave the cost any thonelit. This you 
can see when you watch some of our tool hardeners for a few hours. 

The Harvester Company has a great many different classes of work 
in some cases it is not a question of cost as much as it is of quality, whi! 
on some of the agricultural implements it would be a waste of time and 
money to attempt to work to any such limits. 

Either in machine operation or the heat treating operation, man) 
machines have been designed with no intention of ever heat treating 
parts of it. Until recent years when the larger tractors are used, we 
weak parts on some of these machines and a very crude heat treating 
operation gives us an excess safety factor. 

No. 2 shows a test made on 30-40 carbon Bessemer steel “1” 
LY2x7y”, one-half of them were quenched in oil and the other half in wa 
at 175 degrees Fahrenheit, all pieces taken from the same bar. Phi: 
transverse test was made to determine just what temperature it was neces 
sary to keep the water at, 

No. 3 shows transverse test of 30-40 carbon Bessemer taken fron 
different bars. 

No. 4 shows the cooling quality of five different grades of oil. 

I want to call your attention here that the No. 3 oil, which cont 
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some degras has given us good results after many months of constant 








Why it is that we have so little information on the use of hot water 
quenching medium and the effect of it on different grades of steel 


TABLE No. 2 


Heat Treatment of “I’’ Beam 
Cultivator Stock, Section 114” x 4%" x 5” Sn Le CL 


ig * 33 


rometer reading was 1560° F., Steel 1500° F. Water for quenching 
vas 175° F. There were 16 pieces heated at same time from same bar 
vith regular beams being heat treated; 8 pieces were quenched in water 
nd 8 in oil. 


Bessemer. 


Water Quenched 



















No. of Permanent 
Piece Load in Lbs. Deflection Deflection Brinnell 
| 1500 0” hy” 
2000 16” 2 277 
? 1500 4” ,” 
2000 4,” shy” 269 
1500 fs” hy” 
2000 1,” 1,” 223 
| 1500 14” ,” 
2000 52” r 248 
5 1500 4” 
2000 Se” 1a. 255 
6 1500 do” LQ” 
2000 52” ta” 228 
7 1500 a3” fe. 
2000 a4” 4” 241 
g 1500 a2” fn” 
2000 4” 1,” 241 


” 


Average Set at 2000 Ibs. % 


Oil Quenched 


Average 247.75 




















No. of Permanent 
Piece Load in Lbs. Deflection Deflection Brinnell 
l 1500 go” hy 
2000 4g” 44” 241 
2 1500 4” ths” 
2000 14,” _ 6H? 
3 1500 14” di” 
2000 Pa” he” 262 
4 1500 32” 0” 
1650 - hs” 248 
2000 43” fa” 
5 1500 a o" 
2000 44” le” 255 
6 1500 ga” ps” 
2000 ye” 1g” 248 
7 1500 Ya” ()” 
1650 32” oy” 286 
2000 34" 14” 
S 1500 go” 0” 
1650 14” go” 262 
2000 Ye” fa” 
Average Set at 2000 Ibs. 2s” Average 258 
Stock Not Heat Treated 
\ Permanent 
Pit Load in Lbs. Deflection Deflection srinnell 
1500 +a” 54” 170 
2 1500 a3” 43” 179 
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) 
TABLE No. 3 
Water Quenched—Cultivator Beams 
Water 175° Fah. Steel 1500° Fah. 
Size of Stock 11% x ;*, I Beam .30 — .40 C. Bessemer 
Piece No. 25 lbs. 1000 1bs. 1500 lbs. 1750 1bs. 2000 1bs. 2100 lbs. 2200 Ibs. 2250 1bs. B 
l x 6 Ve As i 
2 5 5 5 5 35 SET % 
3 5 5 5 Sis SET me 
1899 Ibs. LY 
5 5 5 5 52. 5% SET tra 
5 5 5 5 5% SET ¥ ne 
6 5 5 53% 5 5% SETY yn 
1925 Ibs. fro 
7 5 5 5 5 5% SET S 
1875 ibs. or 
Q ) 5 5 5 51% SE r le ir 
g 5 5 5 5 Sis 5K 3 : 
10 5 5} 534 5 516 5% SET F# Broke Start 
1775 Ibs of 
ll 51 5 5 5? 54 SET ¥ Fin 
12 53 5 5 Sas 54 SET% if 
13 53 5 5! 5 536 543 Si 54 SI 
14 534 ST 5 534 514 54% SET ¥ 
\verage Weight Average Set eit 
1964 19 
Oil Hardened ~ 
Piece No 25 Ibs. 1000 Ibs.. -15501bs. 1750 Ibs. 2000 1bs. 2100 Ibs - 
1540 Ibs. of a 
! 533 5. 51% 5% SET 2 
2 534 554 SG 4 51% 514 SET 3¢ Lan 
1640 lbs. 
3 53 Si 534 5% SET 3% ne 
4 53 55% 545 53% 51% SET vs ove 
1650 Ibs. 
5 533 5% 534 51% SET 43 Or | 
1830 lbs. 
6 5 5 5 52 514 SET 3% 
1530 Ibs. Ese 
7 5 5y 5 51x SET 4% 
8 5 53 5 51% SET 33 
1830 Ibs. CXp 
% 5 5 514, 5% SET \% 
2050 Ibs. 
10 : 554 53 54 Sas 51% SET 
11 5 5a 5 5% SET 43 
1850 Ibs. 
12 5 53% 5 SPs 5le SET ii 
13 534 556 516 53% 54 SET ,: 
1960 Ibs. 
14 534 7 5Y 534 51% SET 33 
\verage Weight Average Set 


1838 i 










must be that some are practicing it and do not care to go in print on th 
subject because it has not had the approval of the S. A. FE. 

At our West Pullman Works we have installed an automatic ho’ 
water tempering control which has proven a success, shown at “A” 1m 
Plate 5. We also use hot water tank shown at “C” in Plate 6, where 
roller chain parts are hardened. Most of these have been in successful 
operation for nearly one year. In order to get the desired results, it 1 
necessary to keep the temperature of the water within ten degrees Fahr 





TABLE No. 4 
Oils 


No. 1 Per No. 2 Per No. 3 Per No. 4 Per No. 5. 25% 
Gal. 58c¢ Gal. 43c Gal. 20c Gal. 29¢ Fuel Oil 
me required to cool eat 
14%4 pounds of steel 154 Sec. 29() Sec. ik Ser. 160 Sec. aie 
from 1500° to 300 
me required to cool ' . | 
one pound of steel 95 Sec. 196 Sec. 32 Dec, 196 Sec. 165 Sec. 
from 1450° to 300 
Lime required to cool ’ | 
1144 pounds of steel a ec, 5 Sec. 8 Sec 14 Sec. 
from 1450° to 900 


Starting temperature 
ee 80 Deg oO Jeg 100 Deg. 
of three gallon lot “5: ’ Deg. | 1 


Finish temperature 142 Deg. o, Deg. 


157 Deg. 


heit. ‘This automatic control keeps it within five, as water will not permit 
of the same variation in temperature that oil will. We also get better 
results by circulating the water same as they do with oil by the use 
of air. 

We also found that there is quite a difference in water. At one of our 
Canadian works, where we use Ontario Lake water, it acted quite different 
than some of the well water in the central part of Illinois, but we have 
overcome this variation by the use of caustic soda and a small per cent 
of common salt. 


Plate 7 shows automatic temperature control on gas fired 


~ « 


furnace 
used for the tempering or hardening of steel. 


| am very much interested now to hear from members that 
experimented or used water at different temperatures. 


have 


Plate 6 
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Plate No. 7 
A SUGGESTED METHOD FOR DETERMINING THE 
COMPARATIVE EFFICIENCY OF CERTAIN 
COMBINATIONS OF ALLOYS IN STEEL 
J. D. Cutter* 
(A Paper presented at Philadelphia Convention) 

Efficiency is defined as the ratio of effect produced to energy expended. 
The term can be applied to man or machine according to w hether mental 
or physical energy is referred to. In this paper its application will be 
extended to include man, machine and material, the efficiency of a material 
being its effectiveness in accomplishing the purpose for which it is used 
considered in relation to the expenditure necessary to produce such effec- 
tiveness. An effort will be made to apply this latter idea of efficiency for 
comparative purposes to certain standard combinations of alloys com 
monly added to steel for the purpose of increasing the physical properties 
which can be obtained from it by heat treatment. It will, therefore, be 
necessary to measure the ratio of the effect produced in each case on the 
physical characteristics of the steel by the addition of alloying elements 


to the necessary expenditure for such elements. Or, in other words, 
efficiency is the physical properties obtainable per dollar invested in alloys. 
In mechanics, both effect and expenditure are measured in units of 


energy, and the efficiency of a machine is represented by the fraction 
output in energy energy delivered 
—_ ——___- - or - _ _ —_ 


input in energy energy applied 


the value of which can be mathematically determined and expressed 111 





*Metallurgist, Climax Molybdenum Co., New York City. 
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1920 | SUGGESTED VETHOD FOR DE TERMING THE COM 189 
PARATIVE EFF]( IENCY OF CERTAIN COMBI- 
NATIONS O] ALLOYS IN STEE] 
percent. Assuming that a single mathematica] expression can be found 


which will represent the merit possessed by 
the physical properties obtainable trom it, 
a name for this expression. the equation for 
that steel becomes 


a given steel with respect to 
and assigning Merit Index as 
the efficiency of the alloys In 


Merit Index 
equation (1) ficiency 
Expenditure for Alloys 
\s the units employed in numerator and denominator of this Iraction can- 
not be the same, it will be impossible to express the value thereof jn per- 
cent. However, a value can be determined which will] 
tive purposes only, 
In order to arrive at a mathematical expression to serve as Merit 
Index for Equation (1) it will be necessary to limit consideration to 
tensile physical properties. Elastic Limit and Ultimate Strength are 
measures of the strength of the material tested while Elongation and 
Reduction of Area are measures of ductility or toughness. For a given 
amount of strength that stee] is the better which has the greater amount 
of toughness. Conversely for a given amount of toughness that steel] 
is the better which has the greatest strength. A Merit Index, therefore. 
should measure combined Strength and toughness, should embrace all 
four of the tensile physical Properties and its value should increase or 
decrease as the value of any one of these properties increases o 
\n expression. which fulfills these requirements follows - 


Si. - Oe 4, I, 


serve for compara- 


r decreases. 


’quation (2) \lerit Index Y 


rr 


- 


100 —Red. 
L. and U.S. stand for Elastic Limit and Ultimate Strength, 
respectively, expressed in thousand pounds per square inch, and El, and 
Red. stand for Elongation in two Inches and Reduction of Area, respec- 
tively, expressed in percent. 


An additional] reason for the 


in which FE. 


employment of the above expression as 
an Index of Merit is based on the perfectly logical idea that in cases where 
Ssreat strength and also Sreat toughness are required a given material 
had merit in proportion to the ability of a unit mass thereof to withstand 
work done upon it and therefore when a test Piece is broken, this merit is 
measured by the work done in breaking the test piece divided by the mass 
of the material on Which this work is done. 


Work equals Force times the Distance through which it moves. The 
lorce exerted in breaking a standard test piece is proportional to the Mean 
Breaking Strength. As it would be necessary to have the Stress-Strain 
diagrams of all] tests and to integrate below the stress curve in order to 
arrive at the exact value of the Mean Breaking Strength in each case, 
one-half the sum of Elastic Limit and Ultimate Strength has been substi- 
tuted and is closely equivalent. 

The distance through which the breaking force 
lo the Klongation. 

If two test 


mOves 18 proportioned 
pieces are examined Which 
ductions of Area it ‘will be found that the 
area, namely, the one Which has necke 
least amount of meta] Which has 


exhibit widely differing Re- 
one showing the smallest reduced 
d down the most. will show the 
suffered deformation or upon which 
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work has been done. In other words, the amount of mass upon whi 
work is done in breaking a tensile test piece may be said to be rough 
proportional to the reduced area or to (100— Red), since if reduced ar: 
be expressed in percent, it is equal to (100— Red). 

Hence the Merit Index of Equation (2) is proportional to the wo 
done in breaking the test piece divided by the mass of metal affected 
such work as represented by reduced area; and is therefore a fitting indcs 
of the ability of a unit mass of the material tested to withstand work do: 
upon it. 

If the value of the Merit Index as determined by Equation (2) from 
given set of physical properties obtained from tests on a particular all 
steel be divided as per Equation (1) by .a figure which represents t 
relative value of the amounts of alloying elements present, a quantity is 
derived which represents the relative efficiency of the combination o: 
alloying elements shown by the analysis. Thus without in any way 
endeavoring to make a comparison of prices of the various grades of alloy 
steels it is pointed out that by means of a simple calculation, taki: 
into consideration the number of pounds of alloys required per ton 
steel and the cost of such alloys, both of which quantities are common 
knowledge, a definite comparison can be obtained as to the ratio 
physical properties obtainable to the cost of the alloys which make suc! 
yhysical properties possible. 

By way of illustration, the Merit Index and Comparative Efficiency 
-alues of Figures 6 and 7 have been derived from the physical property 
curves of Figures 1—5 for the alloy steels whose analysis are show: 
in ‘Table 1: 


Table 1 


cy. Ni. V. Mo 
Low Chrome Nickel ...........:: 36 30 1.30 
High Chrofhe Nickel ............. 36 1.34 3.40 
ye” RR eee 35 3.45 
Chrome Vanadium ............... 35 1.00 18 
Chrome Molybdenum ............ a 90 37 
The tensile test value of Figures 1—5 and the corresponding 


analyses of Table 1 are averages of tests collected from as many author 
itative sources as possible and fairly represent the physical properties 
which may be expected when sections approximately 1” round of thi 
several types of steel listed are suitably treated. 

The values shown in the figures of this paper are not meant to be 
taken as absolute, but it is hoped that the method suggested can be used 
with profit in connection with the data applying in any particular case. 

For much of the material from which this paper is composed, I am 
indebted to Mr. H. T. Chandler of Detroit, Michigan. 


DISCUSSION OF MR. CUTTER’S PAPER 

Chairman: We will now proceed to discuss the paper just given 
by Mr. Cutter. I think there are no doubt a great many who are interested 
in the topic which he discussed, and I hope you will be free to discuss it 
We still have fifteen minutes time 

Mr. Lee of Buffalo: I would like to ask Mr. Cutter whether 
not his formula has been applied to any other material than steel, a 
if so, a~ to what résults have been attained. 
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Elongation in ?"and Reduction atAreain % 


Elastic Limit in Thousand lbs. per sq.in. 


Mr. Cutter: I have not applied it to any other material than steel. 
Mr. Lee: It seems to me that if the thing could be worked out 


Mr. 


is simply 


method of putting in the alloys you would not get the same number. 


lL hese 


are not to be taken as an absolute standard by any means. I got 
one hundred thousand elastic limit with a low chrome nickel steel, and | 


got an efficiency value of 3.75, 


higher. 


Member: 
ed with the different 
Mr. Cutter: 
Member: 


um. 


OO 
© 








to apply to malleable iron and cast iron and bronze, etc. 
a comparative value for the different types used in the different machines, 
it would be a step in 
Crowe: 
actor of efficiency that he got on the steel tested that way? 

Mr. Cutter: 


a 
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, Which would give 


advance, 
I would like to ask the speaker what was the highest 


y Number which |] showed on the 
number. Unless you use exactly the 


The efficiency 
comparative 


screen 
same 

















and with chrome molybdenum steel slightly 








I would like to ask what the cost figures were that were 
alloys. 

I took the market quotations. 
They differ very greatly from the 














minimum to the max- 
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Elastic Limit tn Thousand |bs.persq.in. 
FIG.2.HIGH CHROME NICKEL 


Mr. Cutter: Sure they do. That is why I don't intend that thes 
values should be used as absolutely fixed. They will vary from month 
to month as the efficiency values gotten by this method will vary also, 
and might be very different next year. 

Member: What I mean is this: the range in price for the different 
alloys differs greatly. Which do you use, the maximum, the average, th 
minimum, or what? In the case of molybdenum it varies from $2.00 t 
$2.50, which do you use? 

Mr. Cutter: We used the maximum in that case. Molybdenun 
is the only one, I believe, that has much discrepancy. 

Member:~ There is that much in vanadium. That ranges from si. 
dollars to ten dollars. 

Mr. Cutter: We used seven dollars. 

Member: You used too high a price then. 

Mr. Cutter: Vanadium is quoted up to nine dollars. 

Member: For this class of steel it is high. No one uses nine dolla 
stuff on the steel you are describing. They use the six dollar or six an 
one-half. 
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Mr. Cutter: I got that quotation from an authoritative source, and 
| know that their prices vary somewhat. I happened to get that from 
large steel company that is paying that much. 


Member: Tool steel makers pay a high price; some steel coni 


panies are also paying very low prices, and some of them pay very high, 


so these figures it is necessary to know what the prices are, what the 


basis is. 


Mr. Cutter: As I said in my paper, the method may be applied to 

factor applying in any particular case. The charts were shown for 
the purposes ot illustration, and I don’t intend they shall be taken as 
ibsolutely arbitrary, absolute facts. 

Member: The charts ought to show the actual cost on which vou 
sed your alloys. Otherwise they are very, very misleading, because 
hout that knowledge no one knows what the prices were that vou 

ised, and they are very misleading in that way, because a concern that 
is using a low priced alloy would be mislead. 

Mr. Cutter: I don't thnk they will be misleading at all, because 
paper and the purpose of it is stated plainly, sir, and | have used 
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to the best of my knowledge the market quotations today, and that ought 
to be sufficient I think. 

Member: As I say, I inquired as to what quotations you used, th 
maximum or the minimum, and the point is, which do you use? 

Dr. Johnson: I would like to ask a question of Mr. Cutter. Is 
there any objection in sending in this paper for publication to incorpor- 
ating the prices of the various elements on which these relative efficiencies 
of different steels are based? 

Mr. Cutter: There is absolutely no objection to that, I think. 

Chairman: Then you will have it so prepared for publication. 

Member: I would say the paper or the charts are very misleading 
unless the prices of the alloys are given. 

Dr. Johnson: The thought I have in asking this question, is that | 
understand Mr. Cutter in his prices based them on quotations he found in 
the leading journals. In that event his prices would certainly be high. 
I don’t know of any quotation in the leading journal but what is higher 
than you can actually buy it for if you secured it in quantities, so if he has 
done anything he has rather been modest in his statement of the merits. 












whic 
Stan 
ditfe: 
to an 
ds 11¢ 
nals, 


ures 


to in 
of pl 
obtai 
purp 
be m 
them 
is th 
used 


be 










DISCUSSION 





OF MR. CUTTER’S 





Ic 
OO 
© 

























125 


Elongationin2" and Reduction of Area in® 





eects peered 


Ultimate Strength in Thousand Ibs per sq.in. 


bse chedn ) 100 
100 125 150 175 


Elastic Limit in Thousand Ibs. per sq. in. 
FIG.5.CHROME MOLYBDENUM 





_ Mr, Cutter: Thank you, Dr. Johnson. think that the only process 
- which I could follow was to take something which would be more or less 

1 the standard. | might be able to buy vanadium or molybdenum at a ver) 
ike different price from some of my friends here, and the quotations applying 
to any individual would not be fair. I therefore took quotations that were 

r. Is as nearly standard as they can be made, as gotten from the leading jour- 
= nals, and it is understood perfectly from my paper | believe that these fig 
— ures are not meant to be an absolute scale. The quotations were not se- 
cured for that purpose. And in any event it is interesting enough for you 

to investigate this method for yourselves and apply it to your own set 

of physical tests on the various steels and to your own quotations, and 

sading obtain your own results, and I am more than pleased that is the whole 
purpose of my paper, and if anyone thinks that some of these charts may 

that | be misleading, I will be very glad to individually go into them and show 
and in them the whole of my data from which the curves. were plotted, and if it 
high. is thought by the committee that the actual market quotations which. I 

higher used in developing these charts should be published with the paper, I will 
he has be very glad to have that done, or, if it should be decided that the charts 


rits. 
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should not be published at all, it is absolutely immaterial to me. They are 
put in there for illustrative purposes, and my whole desire is to suggest 
this method of determining what I call the efhciency of the various com- 
binations of alloys in steel, and if anyone will be interested enough to 
apply that method to their own data, the purpose that | had in writing 
the paper will be achieved. 

Member: I would like to ask him if he has tried out at all any othe 
merit index? 

Mr. Cutter: Yes, 1 have experimented with a lot of them, but this 
one especially appeals to me, because it falls in line with the theory stated 
in the paper that the steel has merit in proportion to the ability of a untt 
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FIG.7. EFFICIENCY 
ey are mass to withstand work done upon it, and if it hadn't been from that 
uggest theory in the way it fits in with the merit index, I never would have 
s com- vritten the paper. 

igh to Mr. D’Arcambal: May [ask Mr. Cutler, did you obtain these physical 

vriting test results yourself or did you use different sources of data? 
Mr. Cutter: There, again, I collected as many tests as I could, and 
othe | don't intend that the curves that | have shown shall be taken as a 
standard, either. The tests covered a wide range as to the size of section 
ut this quenched and the source from which they came, and I tried my_ best 


ret something that would be an average result, from the S. A. E. and 
several other organizations, and averaged them up and I don’t want tc 
get into any discussion of them. My honest opinion is that they are very 
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representative of sections somewhat larger than the ordinary testing s 
tion. These are about one inch, some a little larger and some a litt 
smaller. 


Chairman: It is evident that the purpose of the paper was to d 
scribe a method of application rather than to establish a standard. Noy . hic 
our time is short, we have one more minute for discussion. 


Dr. Johnson: If someone else has a question all right; if not, 
would like to ask if Mr. Cutter knows about the approximate amount 
molybdenum steel of this analysis that is being produced at the present J 
time; that is, within the last few months what the approximate produ BS rapi 
tion in tonnage has been. ti 
Mr. Cutter: I cannot speak accurately, Doctor, as to the tonnage that 
has been shipped. I have very accurate figures, I think, on the tonnage 
that has been ordered since the first of May, a little bit more than fifteen 
hundred tons placed on order. 
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H. P. MacDonald* Din of 
(A Paper Presented at Philadelphia Convention) } the | 


; peri 
In ordinary furnace practice it is customary to leave steel in the fu : 


nace through a definite soaking period, after it has been brought up to the 
required critical temperature. This necessarily results in deterioration of 
the metal through the action of the furnace gases causing scaling, decarbon | 
ization, and other injuries and also promotes crystal growth. It is necessary JR steel 
to have such a soaking period in a furnace where the material being heated J Com 
receives its heat from outside sources, as a definite time is required for JR the 
the transfer of heat by conduction from the outer to the inner portions of it in 
the material and furthermore, a large amount of work has to be done to the 
affect the allotropic changes in the material which occur during the critical J set 
period and upon the completion of which the quality of the resultant ma thro 
terial depends; in other words, not having any definite measure to tell his 
when allotropic changes are completed, the operator using a furnace heating the | 
the material externally has to leave the material in the furnace long enough whic 
to insure these changes being effected, and as this time is variable with the weal 
section of the material and the heating properties of the furnace, the usual 
result is that to play safe, the operator leaves the material in the funac 
longer than is necessary. 

In the heat treatment of steel by the electric method these difficulties 
are overcome. Referring to the accompanying cut of the apparatus used, 
it will be seen to consist of two sets of copper jaws (operated by pneumatic 
cylinders), connecting with which are the wires from the secondary of a 
transformer, designed to give heavy currents at low voltage. The upper 
contact remains stationary during the process, but can be adjusted to Incr 
accommodate articles of varying length, the voltage being varied accord 
ingly. The lower contact is free to move with the expansion or contra 
tion of the specimen and to it is connected an indicating arm which travels 


over a dial to show the temperature of the specimen being heated. When 
the specimen is first put in the machine, the lower contacts are raised by 

. ¢ ~ . new than 
means of a foot pedal shown in front of the cut, so that the indicator had 


*Vice President, Snead & Company, Jersey City, N. J 
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5S ints to the room temperature. The piece is then placed inside the jaw 
5 ° ; | 
. litt | clamped. 


Uhis indicating mechanism is actuated by 


means of a pivot which js 

to d nnected by worm and gearing to the drum on which the cable js wound 

Ni i hich supports the Upper contacts so that the application point of the 

a vot is varied with the length of the specimen and the indicator hand 

not. | I ves over equal intervals for the same temperature rises. regardless of 

unt oj 7 e specimen length, 

resent When the current is turned on by closing the switch, the material] 

rodu pidly heats, due to its Own internal resistance, and as it heats it expands 

until the critical point is reached. Here the expansion is either arrested 

e that an actual contraction results, the materia] becoming noticeably colder 

nnage p and shortening in length. This contraction in the case of nickel steel often 
ifteen covers an interval corresponding to 150 degrees temperature. 

While the current is on the operator watches this indicator and when 
this contraction ceases and the indicator begins to advance again showing 
in increase in temperature, the switch controlling the electric circuit is 

m opened as are also the pneumatic operating Jaws and the specimen is 
™ allowed to fall directly into the quenching bath below. [t will be seen 
® in this way not only is the critica] point automatically shown up during 
® the heat treatment. but also the Operator is advised as to When the critica] 
a ® period has been Passed and the article js In condition to be quenched, 
ge . The Same apparatus js used for drawback, the article being then 
on of JR removed from the Jaws and set aside to cool in the air. 
rbon ; The machine is at present being used for the heat treatment of nickel 
ssary [IB steel tubing for automobile propeller shafts manufactured by Snead & 
eated Company and in the case of tubing the quench can be affected by allowing 
d for the quenching compound to flow through the tube thereby quenching 
ns of fH it in the machine and avoiding the necessity of a deep tank to contain 
ne to the quenching bath in the case of long specimens. This apparatus is 
itical J useful only with material having a constant cross-sectional area and 
ma- [i through its use internal defects in the material can often be discovered 
» tell BR This feature js particularly valuable in the case of tubing, as thin spots in 
ating —% the center of the tube can be located by the increased temperature, spots 
ouel which otherwise would never be discovered and might result in dangerously 
ithe #@ Weakening the tube. 
1sual The accompanying charts show some of the phenomena observed 
mace during this process. These charts represent the average workings of 
fen specimens of steel] having 3.45 nickel] and 36 carbon. Chart #1 shows 
ities J time and total B. T. U.’s: and time and time and temperature, and on 
ised, the latter, the reversal of the curves in the critical range can be readily 
natic ‘cen. The dotted line represents the workings on a second heating after 
of a the first quenching operation and the critical point is at a noticeably 
ppe ~&t temperature. It should also be noted how rapidly the temperature 
d te creases after the critica] point has been passed showing how readily 
‘ord st can be overheated. 
Trac The By Te Ue carve Shows that while 142 heat units are required to 
vels raise the temperature to the critical point, 61 more must be added to 
‘hen complete the interna] transformations necessary before quenching, in other 
| by Words, thirty percent of the total heat units required are 


necessary ‘to 
« allotropic changes which increase the latent h 


eat without increasing 
the temperature of the article. 
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TEMPERATURE — Decrees FARnRENNEIT 
CHart No. 2 

Chart #2 shows watts, volts and amperes, as well as time and 
temperature. Both these diagrams are based on runs where the heating 
was intentionally slowed down to enable the operation to be more readily 
observed, thirty to forty seconds in the average time required to heat 
16’ tube. Three volts to a foot length of material that is of the ordinary 
steels, are required and a current density of 8,000 ampers per square inch 
Solid bar stock takes about .06 of a kilowatt hour per pound of material 
heated to its critical point. 

A series of experiments were made to show if there were any highe 
qualities obtained. the steel of this character through a double quence! 
and the accompanying micophotographs and table #1 show the results 








Pearlite and ferrite. Well 
jistributed - evenly divided. 
* |U1lt.Str. - 229,250 lbs.sq.in, 
™ Yield Pt.- 210,350 lbe.sq.in. 
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Pearlite and ferrite. Shows 

tenddncy to segregetior 





vit. Str. = 238,900 lbs.sq.in 
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Ult. Str. = 231,000 1bs.sq.in. 


Yield Pt. - 199,875 1bs.sq.in. 


Elongation in 2" - 9% 
Reduction of area ~ 55.2% 
Fracture ~ full cup, silky. 


Magnification ,- 500 dia, 


— 





| 
| 
wo Rael 


of this and the structures obtained. 

The zig-zag lines below each microphoto show the time at which the 
specimen was quenched, i.e., the left hand line represents the advance 
in heating the material, the center line the contraction during the critical 
period, and the right hand line, the expansion occuring before quenching. 
[It will be seen that excellent results are obtained by quenching as soon 
is this expansion begins, and also a tendency to segregation if the temp- JR (Red 
erature is materially increased. This material was cold rolled bar stock JJ 
3.48% Nickel and .38% Carbon and was tested in the original sizes. 


PROPERTIES OF 3% PER CENT NICKEL STEEL 


Specimen* J K L M O P 


Nickel, per cent.... 3.46 3.47 3.48 3.46 | 3.48 3.48 
Carbon, per cent... 0.39 0.39 0.39 0.39 0.39 0.38 
SCPUMREMTE oc. -cccccs Sorbitic- | Sorbitic-| Sorbitic-| Sorbitic- | Sorbitic-| Sorbitic- 

pearlite | pearlite |, pearlite | pearlite | pearlite | pearlite 

Well dis-| Well dis- 

tributed | tributed 

evenly evenly 

divided | divided | | 
Amount of slag....|. Small | Small | Small Small Small Small 
Ultimate strength, | 
lb. per sq. im...... | 229,23 238,800 | 238,900 231,900 231,000 233,550 
Yield point, Ib. 
Ot Es nas eae ee 210,350 | 206,200 | 200,125 | 203,050 199,875 197,600 
Elongation in 2 
in. per cent....... 10.50 | 975 | 11.50 9.00 9.00 | 
Reduction of area, | 
i ME vie va wewe 53.50 | 53.00 52.10 53.65 | 53,20 | 54.00 
Pee >.5". i.e oabe Semi-cup,| Full cup,|Semi-cup,|} Full cup,| Full cup,| Full 

silky | silky silky silky | silky silky 

Treatment .......). Double Double Double Double Single | Single 
Drawing tempera- 


10.00 


ture, deg. fahr..... 630 630 x 630 630 | 630 


*Letters refer to photomicrographs. 
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Specimen ~P_ 
— Ps \ r . / 










i Pee = 
Single Quench 
. 1285° 


Steel Tube from Drive Shaft 


Magnification, 100 dia. 


} 
1330 ° 1550 | Single Quench and drawn hack at 800° F, 
| 





















he 
Sng Pearlite end ferrite. Shows 
a tendency to segregation. 
7 Ult. Str.- 233,550 lbs.sq.in. 
hing. Yield Pt.- 197,600 ibs.sq.in. 
soon Elongetion in 2" - 10% 
emp- Reduction of area - 54% 
acai ‘recture - full cup, silky | 
| degnification - 500 dia. 
| eee 
| Table #2 gives another set of tests which clearly show the necessity 
® ‘or allowing sufficient time for the complete allotropic changes to take 
m place and that when once this has been accomplished, no further gain can 
P m® be made by prolonging the heat. 
3.48 ae a S e 
0.38 v = 3 = = 
rbitic- =. o. So — 
arlite : = 2 = M4 —. vs , Period of Quenching 
oh ae. _ 0 = 6S 
| B+ aitieg AMM lie ys keel 
small - Ye -n ; , Bir 
i 9.75 41.90 126,550 181,550 \fter being in critical 
33,990 period 12 sec 
97 600 SH 9.00 50.90 154,150 175,500 \fter being in critical 
, period 15 see. 
10.00 SK 11.75 43.45 140,400 175,400 \fter being in critical 
. period 10 sec. 
= 3 9.50 52.20 202.400 227,300 \fter being in critical 
ull ' a> 
silky period 29 sec. 
Single ov) 10,00 52.60 201,350 223,350 Just through critical 
. period. 
630 3 10.00 56.70 198,800 216,150 120 deg. fahr. above 


= the critical period. 
11.50 58.30 193,300 212,250 240 deg. fahr. above 
the critical period. 
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Table #3 gives the same results for double quench. 


cent 


in 


S q 4 


Period of Quenching 


per 


Elongation 
: am 
Reduction 
Itimate 
per 


Area, 


Strength, 


Specimen 
lb. 


T 
l 


After being in critic 
56.25 83.050 117,650 period 15 sec. 
Just through the cri 
56.90 202.300 216,150 ical period. 
95 deg. fahr. below tl 
10.10 53.85 203,600 214,250 critical period. 
Table #4 shows what can be accomplished by working to a lowe 
drawback temperature and in this case the high reduction of area con 
bined with the ultimate strength are noteworthy. 
; me/ 
Material Ste Nicke carbon 


Laboratory ‘Test ‘ : 723; 

Mark on Test Piece 13 

Shape of Test Piece 

Guaged length, in inches 

Diameter, in inches 

Area in square 0.1081 0.1081 0.1081 

Diameter at fracture 0.289 0.289 0.283 

Area in square 0.0656 0.0656 0.0629 

Elongation in 2 0.23 0.21 

Percent Elongation - 10.5 10.0 

Percent Reduction of 39.4 41.8 

Yield point, in pounds 20000 20500 20500 

Maximum load, in pounds.............. 28920 28830 28840 

Yield pound, Ibs. per square inch 184900 184900 189000 

Ultimate Strength, lbs. per sq. inch..... 267300 266500 266500 
A number of tests have been made by the Company and others on 

their own product. Noteworthy among these are tests made by the H. 1 


franklin Company. This is on a shaft using tubing of 344% nickel steel 


5 S _ s¢ tar - . : a y 
.25-.35 carbon, 144” diameter—16 gauge, given a single quench 


drawn back at 700 degrees. These shafts were 45” long. 
No. 1 


Torsional moment at elastic limit 14200 inch pounds. 

Shearing stress at elastic limit 109000 pounds per square inc! 
Torsional moment at max. strength 15700 inch pounds 

Shearing stress at max. strength 120500 pounds per square in 
Angle of torsion at elastic limit 48 degrees 

Angle of torsion at max. strength 112 degrees 








Ing 


“1th 


Cr] 
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No. 2 

i rsional moment at elastic limit 14700 inch pounds 
é aring stress at elastic limit 113000 pounds per square inch. 
rsional moment at max. strength 15750 inch pounds 
aring stress at max. strength 121000 pounds per square inch 
1 gle of torsion at elastic limit 20 degrees 
S gle of torsion at max. strength 120 degrees 
gE ests have shown that for this hight Sauge tubing, the torsional 
. rength per square inch is about .6 of the tensile Strength. These results 
r e typical of what has been obtained by the Company in its regular 

product, Le., tubing with the dropped lorge steel spiders attached by the 
™ use of a hexagonal wedge expanding the tube into a hole in the spider 


shown by the accompanying photograph. This method 
ll torsional Strength of the tubing without depending on welds to take 
up the torsional strains. The accompanying micophotograph shows the 
ection of such a tube enlarged 100 diameters. See page 203. 
The advantage of this method of heat treatment may be 
™ as follows: The rapidity of the process, the heating before 
usually being accomplished in less than one minute, the 
decarbonization and crystal growth due to the rapidity of the 
the indication of the temperature and critica] point of the 
the physical changes in material itself. absence of 
irts of the machine needing replacement 
B which gradually wear out) the treedom from Warping and the low cost 
# of operation when ~urrent can be obtained at reasonable prices, 
s latter is due to the fact that Virtually the entire 
s work, the Process taking place 
® ‘ost through radiation 


develops the 


summarized 
quenching 
absence of scale, 


Repos: 


t 


Process, 
material by 
refractories. (the only 
being the Copper Contracts, 


This 
energy is used*in useful 
SO rapidly that comparatively little heat js 


lts limitations are those of requirements of 
he article being heated (this section need 
hape may vary) and the 


m= clement of reactance of the 


Constant section for 
only have a constant 
lact that when alternating 
circuit comes in 


area, the 
current is used, the 
to such an extent that 


Re oe 


Lreater 
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Machine used for Electrical Heat Treatment 


voltage is required at the transformer to overcome it. Where direct cu 
rent is available no such element of reactance comes in and the onl) 
requirement would be the proper ‘initial voltage and amperage of current 
available. The equipment now in use is limited to sections of about 
1'4 square inches. 

‘The process was developed during the late war in connection with th 
execution of an order for Cossack lances made from steel tubing, tli 
specifications requiring an elastic limit of about 83,000 Ibs. As time went 
on the Company made use of it for the heat treatment of steel tubing fo 
the Italian Royal. Flying Corp. for use in aeroplane and dirigibles, som 
of these sections ‘of tubing were over 20 ft. long and very light gag 
nevertheless they were brought out practically straight after quenchii 











before quenching 
traction and then at 


lates and 


D1S¢ ( 





when this 


d for the landing chasses of the Hlandley 
izabeth, New Jersey, and were working with the Dayton Wright Com 
ny in connection with heat treating their airplane axles at the time of the 
On sample shafts furnished by us composed of 3 
220,500 Ibs. and 

elongation in 


their tests showed 
rength of 246,000 Ibs. with 
government specifications. 
at tubing and shatting can be 
ithout serious warping, this appears to be due to the tact that the material 
heated simultaneously throughout its section rather than having the heat 
ak in from the outside. 

It is also interesting to note that the critical periods appear to occur 
ta lower temperature than in ordinary furnace work and that the physical 
are much higher than those ordinarily 
material. The former is possibly due to some electrolytic action in the 
steel, due to the passage of current and the latter to the complete control 
neidental to the process and possibly 
transformations, 












we heat treated 
Page aeroplanes made 


y 


obtained by 


to the more thorough allotropic 


DISCUSSION OF MR. MACDONALD’S PAPER 


Chairman: ‘To 
method of steel treating. 
imagine it is a very 


Rockwell: 


start to expand again. 


McDonald: 


Rockwell d 


MacDonald: 


Rockwell: 


- MacDonald: 


Rockwell: 


Mr. MacDonald: 


something 
Perhaps 1 


material 

you don’t get over that kink, if the points begin to show 
n temperature again, the physical values fall off very materially. 
| mean after your pointer has gone over, 
to expand on the heating, 


an imnovation 


to some of 


interesting subject and will bring forth some dis 
The floor is yours now to fire all the questions you dare to at 
Macdonald. 
) found any difference 
your warpage or expansion by dropping down just before the recalescence 

? ‘That is, your pointer shows expansion and then con 
the starting to turn for expansion again you shut 
the heat off. Supposing you follow down until just the point before you 
If you should quench in there would you find 
cull difference in the structure, in the physical properties and the Warpage 


> 
7 


you heat up, you expand, as you 
your critical range you contract, then you start to expand again, 
change has been made, then you cut the temperature off; supposing vou 
it fall down just before the point she starts to expand again? 
That would go down too low, 
You are 
| have not tried that. 


small way 


ols by heating in an electric furnace and supporting my work on silica 
| noticed that function as read directly off on an 
got some remarkable 
down and stopped the scaling and stopped grain growth. 
very successful. 


Mr. Marshall: 


cut the warpage 
My attempts 


I ask if you applied that method at 
higher carbon steels what would be the effect? 
We haven't tried it out on any higher carbon steels. 



















































ultimate 
more than satistying 
It is important to note in this connection 


to high tensile strength 


ditference 


| believe to get it. 
critical range. 







































































Mr. 


Mr. 


axle for an auto truck. 
50 carbon, 


Mr. 


Mr. 


Mr. 


ta, handle stock an inch and a quarter? 

There is no reason except the electric current 
city power there and we are taking 
It is a pretty heavy kink on the load you know 
to throw that right across the line, and we can only use single phase ; 
that means we are only drawing off one side of a two phase circuit 
A direct current is the ideal way to handle a thing of course. 

Could you use that in a continuous process for heat 


Mr. 


available. 


Mr. 


Mr. 


like we do now. 


Mr. 


voltage, 


Mr. Ryan: 
ing of rivets? 
MacDonald: 
for rivet heating, but that 
here is no temperature measurement other than by eye, and it bs Tenth 
as well as internal 


Mr. 


a matter 
there. 


Mr. 


took about 
quenched it. 


Mr. 


time in 
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Marshall: j 
and the rapid heating would : seem a drastic treatment. 
MacDonald: 
at it you are heating the m: teri: il erste Recaah a ele all the secti 
If you put the material in a furnace that is very hot the outside of 
material is heated first. 
but if you 
taneously, 
much the 


Therefore you get very } 
uniformly throughout the mass, 
[ think you would get pret 
same thing in 3.5 per cent nickel steel that you would with t 
other. Well, I recently heat treated a rear axle spindle for a full floati 
That was quite a high carbon steel, | think ab: 
That had splined ends 


raise the 
you don’t 


temperature 
get that condition. 


had no difficulty there 
but the spline was so designed that it had practically the same area 
the rest of the section, and we had no difficulty. 

} Macdonald 
the ends of a propeller shaft as hard as the central section. 
think the clamps would draw away a certain amount of heat. 
Macdonald: 
half on each are not heated, cut them to 
one reason why we use the heat treatment in long lengths. 
in 16 feet lengths and cut them to average up only 14. 


We cut them 


MacDonald: 
We are drawing « 
about all we can have. 


Rockwell: 
treatment of wire? 
MacDonald: 1 
with the continuous process; you wouldn’t be able to get the measurements 
The same method has been used for 
annealing wire where you simply heat it up to a definite temperature and 
of course where you don’t have to work quite so closely I 
you would need (interrupted). 

Rockwell: 


Of course 


It has been used. 
don’t imagine 


You could first establish your temperature by your 
and hold it there. 
Has that process been used very extensively for the heat 


There is an electric process used quite extensively 
different proposition. 


resistances resistance 
MacDonald said that on the omg heat 
necessary ; 
i it ate a ai in that on the Neca 
MacDonald: takes very 


ably only 


the draw much less time, 
you are quenching. 
pictures give you a very good idea of the time it takes. 


I think they 
‘un off a little bit more rapidly than the actual process. 
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HEAT TREATMENT OF TRUCK AXLES 


Harry E. Hemstreet* 

(A Paper Presented at Philadelphia Convention) 
Heavy worm drive Motor Truck Axles are unit parts of 
steel assembled together as a load carrying member of the 
such must be capable to deflect without deformation. 
kngineers speaking of them claims actual 
known, or the finest scienti 
im stresses of material. 


various kinds 
truck, and as 
The Designing 
stresses on parts in service Is 
he calculations, mathematically fig 
are virtually hopeless in 
satety accurate for unit parts, only the 
being reliable where distructive forces are constantly at work on the ma- 
terial of construction when In service. These unit parts are subject to all 
known stresses of material, and as a factor of safety in longevity of life 
receive careful applied steel heat treatment. 

All material before entering into Axle manufacture has the chemical 
inalysis taken, sample pieces of each individual heat of steel is heat 
treated for laboratory test purposes, where pieces are examined under the 
miscroscope for impurities and the nature of its physical structure, 
pulled apart, torsion and transverse tested. 

The Metallurgist in axle manufacture 
lorged parts case hardened and 


ured from 
determining factors of 
acid test of actual road performance 


tor serviceableness must 


others 


has cast steel annealed, drop 
triple heat treated, parts machined from 
screw stock, case hardened. triple heat treated. drop forge, yokes, knuckles, 
side axles, break levers, steering levers. connection rods and connecting 
rod clevis, which are al] normalized, hardened by quenching and tempered. 
\ll axle parts receive a 100 per cent hardness test, either by Brinell hard- 
ness test or Scleroscope method, which necessitates having a good heat 
treating equipment and heat treating all parts by a heat treating card 
which specifies hea temperatures according to the chemical] analysis of 
the heat number of the steel used in manufacture of the parts. 

Only such parts which are hardened by quenching will be 


this article, other heat treating methods used being 
papers. 


taken up in 
covered by other 


The steel on arriving in the forge department js heated to be forged 
into the various shapes, such heating is of great importance on the physical 
structure, qualities of the part after final heat treatment, also regulates 
the time and temperature for fina] heat treatment. Too Sreat a care can 
not be exercised in this department in heating. for if the structure of the 
steel has a fine grain structure at the end of the 1: 
steel not overheated previous, the 
on the final treatment is sufficient 

[t seldom pays to eliminate 
parts by the use of this method 
hrst, such uniformity will be 
and tempering with accurate temperatures in heating. 

Che heating temperature generally used in forging is between 2.000 
F. and 2,100° F. to make the steel plastic in hammering it, while such work 
senerally stops at around 1,500° F. and is allowed to air cool. Tempera- 
‘ure control of the forge furnaces with plenty of furnace floor space for 
heating, so that the specified working temperature has time to heat the 
metal plastic clean to the core, is the ideal conditions of forging steel. The 
lorgings where heated at the lowest possible temperature wil] have a 


ist forging operation, 
and tempering operation 
for a good commercial product. 

the normalizing and seldom js done for the 
are all made uniform in physical structure 
the test results on al] Parts, after hardening 


n the hardening 
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smooth and cleaner looking surface, less change of ferrite segregation sp 
and be more uniform for length. The old system some used with the 
of furnace capacity was forcing the heat applied to make adequate prod 
tion, which caused the steel to become nearly liquid or even so that 
dripped when being moved to the hammer. Such high temperature ¢ 
erally causes a heavy scale which ts not easily removed from the die, ther 
becoming hammered in the steel; these forgings, alas, have a very Co: 
grain structure which requires more time at a little higher temperatur 
normalizing than ordinary. Overheated forgings look anything but 
chanical for mechanical workmanship. Some parts require from thre 
five heats in forging and each heat should be carefully controlled 
the finished product will show neatness of workmanship, showing up 
lines of gracetulness in design of the part. It is only human nature 
men working piece work if their furnace heating capacity is not great 
enough for continual working heat to increase the temperature a little mor 
than necessary for forging the steel part, which in most cases where 
lowed or done there occurs trouble in the machining of the steel eve: 
atter heat treatment for the coarse crystalline structure so caused needs 
special attention, other than the regular methods to thoroughly refine 
crystalline structure of the steel to non-crystalline when once overheat 
The best method at all times is making sure of not having any more grai 
growth than 1s sduaheaiens necessary for drop forged parts, the same 
lessen the burden in final heat treatment and machining. ‘There is no ques 
tion of a doubt but the best remedy for controlling drop forge heats is 
the applying of good common sense from test results, and other mechanical 
operation where oyerheating has caused trouble before. The front axl 
yoke which is hammered into an i-beam type of construction, forging 
pad near the ends to fasten the spring to, and shaping the clevis ends 
inserting the steering knuckle receives six different heats at least in forg 
ing the last heat taken being a normalizing heat when the drop, if specified 
is put in the bed of the axle and alignment in straightening is done. 

The yokes are generally forged from a straight 30 to 40 per cent car! 
steel with heat treatment adjusted to a tensile strength of 85,000 to 95,00 
lbs. per square inch, elastic limit of 50,000 Ibs. per square inch, elongatio1 
22 om cent, 2 inch, reduction of area 45 per cent, which gives good ductilit) 
for machining. The yokes in heating to harden are loaded in an under-fired 
combustion chamber furnace in a layer with the top side of the axle up 
which gives the spring pads ample heating contact with the heat, as this 1s 
the thicket part of the yoke to heat. The amount of weight and diamet 
of the thickest part regulates the time of heating, which, as a rule, come: 
close to one hour, 20 minutes, for 600 Ibs. at an approximate thickness « 
1%” at thickest part, temperature 1,550° IF. On being quenched in wat 
they are lowered in very quickly, being agitated till the steel drops belov 


the critical range then left at rest; separate till about 200° F., when t! 


part is removed and loaded on trucks for tempering. The parts are hel 


at the tempering temperature one hour after maximum heat has bee 
reached then allowed to air cool, Brinell hardness being 217 to 228. 

The rear side axles, steering-knuckles, steering and break levers © 
quire steel, having a higher elastic limit, so the side axle is made 0! 
314% nickel steel, 30 to 40 per cent carbon; other parts 1%% nickel st el 
Side axles require a careful heating for physical properties, sufficient t 
carry load while revolving and withstand the impact road shocks, tors!o! 
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transverse stresses. Lhe drive shafts are first normalized. air cooled 


! cold, then reheated from 1,450° to 1473° F. being given ample time to 
: t, then the heavy part at the hub shoulder, which is about 1/3 more in 
ie —_— neter than the differential end of the axle shaft without causing grain 
wth on the smaller end while the larger is heating. ‘These side axles 
Se ® are water quenched in a temperature regulated bath, agitated while cooling 
oars ; elow the range then being removed while about 200° F., immediately 
ire in 9 loaded in the oven for tempering, being held at the maximum tempering 
t oni Bt perature 1!. hours in time. Steering knuckles, brake levers and steet 
‘ee t B ine levers are quenched in oil at 1,500° KF. tempered for the same Brinell 
» that 3 hardness as the front yokes. 
pth @ One of the main factors in heat treating steel is keeping the parts in 
re | ; ignment so that they do not have to be straightened or twisted in ordet 
gr to true them up before machining. Skill in quenching alone regulates the 
“ mount of such work, providing the heating has been done uniform. ‘The 
re quenching horizontal of parts must be done quickly, raising the part up 
eve vard again right after emersing in the quenching medium and lowering 
nee the part is cooled below the critical range. 
ie Where parts do have to be straightened or twisted the steel should 
eated > frst be heated to at least 400° |*., then it will still be classed as cold working 
grail F of steel; the effects though, will not be so severe as actual bending cold 
e will BR Better to straighten any part which may be out of alignment when the 
ques- J material is removed from the tempering furnace, as then the parts are thor 
ats is oughly heated through. Such work upon the material while heated shows 
anical 9 no defects under microscopic examination. 
taxk & lactories having a large enough capacity for the installing of a con 
ring ; veying type furnace, are finding the parts heat treated by their use, of ex 
ds for Z@ cellent quality with very little variation in hardness test and physical test. 
1 forg- J These conveying type furnaces seem to be the ideal way to heat treat axle 
‘cified parts, as the heating temperature rise is gradually applied till the maximum 
temperature desired is attained, when the parts are allotted a certain time 
carbon B® at full temperature, then progressively passed out of the furnace into the 
95,00 quenching bath, conveyed through the quenching medium upon a temper 
ratio s ig conveying furnace which also regulates the time of tempering tempera 
ictility ture for an absolute positive heating through to the center, which gives 
r-fhred i ductile steel for machining operation of uniform strength. 
cle uy Mechanical contrivances in heat treatment are becoming universally 
this is used now, which corrects a great many evils of defective heat treatment 
LIME U by regulating necessary time, mass and temperature. 
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CHAPTER NOTES 
CHICAGO CHAPTER 





The Chicago Chapter held the November meeting in the rooms of 
Western Society of Engineers at 7:30, Wednesday evening, Novem 
17th. Mr. Robert B. Kerr, foreman, heat treating department, J 
Deere Harvester Company, East Moline, Ill., presented a paper on 
“Hardening of Hammer Die Blocks.’ 

Mr. Kerr has had years of experience in this work, and presented 
in a very interesting and instructive manner the methods he had employed 
with such satisfactory results. The subject was of great interest to the 
membership present, and brought forth some of the most interesting dis- 
cussions that the Chicago Chapter has ever experienced. 

The next meeting of the chapter will be on December 14th, when Mr 
Howard Stagg, assistant manager, Halcomb Steel Company, Syracuse, 
N. Y., and a member of the board of directors of the National Society 
will be present at a dinner meeting and present a paper 

In the same letter, containing the announcement of Mr. Kerr’s meet- 
ing, was enclosed an announcement relative to the establishment of edu- 
cational courses by the Educational Committee of the Chicago Chapter, 
of which Mr. T. E. Barker is chairman. The announcement follows: 

































Announcement 





The Armour Institute and the Lewis Institute, with the co-operation 
of the American Society for Steel Treating, will soon open evening courses 
on forging and heat treatment of steel. 

These courses have been especially planned by our Educational Com 
mittee for the benefit of the practical workers, and those who wish to 
qualify for such work. 

The courses will embrace the following phases of the work: 

“The Pyrometer 

“The Microscope.” 

“Forging (showing effects of proper and improper heats and condi- 
tions ).”’ 

“Annealing.” 

“Alloy Steels (dealing with the effects of different alloys and treat- 
ments upon the physical characteristics of steel).” 

“Hardening and Drawing of Tool Steel.” 

“Case Hardening.” 

Seven sub-committees, each composed of three of our mem- 
bers who are actively engaged in the metal working industries of our 
community, have each prepared one of the seven texts covering the seven 
phases above mentioned and will teach their subject by practical methods 
to these classes. 

The members of the above mentioned committees have been actuated 
in this work purely by a desire to be of service. None will receive financial 
compensation for preparing these texts, lectures, and demonstrations. \1l 
you not, therefore, do your “bit” in the interests of our society and the 
schools, by giving this announcement as much publicity as is possi! ble 
among those of our associates, either in or out of your plants, who you 
think might profit from the course? 

Those interested should, for further particulars, address: Armou! 
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titute of Technology, Thirty-third and Armour avenue, or Lewis In: 
ite, Madison and Robey streets. 


CLEVELAND CHAPTER 


About 150 members of the society were present at the October meet 
of the Cleveland Chapter held at the Cleveland Engineering Rooms, 
itler Hotel. The Program Committee was very fortunate in obtaining 
a speaker one of the very busy fellow members and one who has had 
de experience in the manufacture of steel, Mr. Howard J. Stagg, as- 
sistant manager, Halcomb Steel Company, Syracuse, N. Y., who delivered 

very capable paper. The discussion following the paper was very in 
teresting and brought forth many valuable suggestions for solving various 
difficulties. 


f 


BUFFALO CHAPTER 


Mr. Jos. V. Emmons, metallurgist, Cleveland Twist Drill Company 
and chairman of the Cleveland Chapter, presented a paper before the 
Buffalo Chapter on Monday evening, November Ist, on “The Heat Treat- 
ment of High Speed Steel.” The meeting was held in the assembly room 
of the University Club and proved especially valuable to those who were 
n attendance. 


INDIANAPOLIS CHAPTER 


The October meeting of the Indnanapolis Chapter was addressed by 
Prof. Moore of the University of Illinois, who selected as his subject the 
“Fatigue of Metals.’ Prof. Moore’s paper was illustrated by lantern 
slides, and was the result of extensive research work that he has conducted 
in the laboratories of the University of Illinois. 

The meeting on November 5th was addressed by Mr. Charles M. John- 
son, director of research department, Crucible Steel Company of America, 
Pittsburgh, Pa. Mr. Johnson told of his work in the development of a 
new steel and also assured the members that his article would be ready 
tor publication in the transactions as soon as he had. finished the prepara 
tion of some additional work. 

The annual visit and inspection of the Indianapolis Chapter took 
place on Friday evening, November. 19th, when President White and the 
National Secretary Eisenman were present. They were met by the 
Convention Committee of the Indianapolis Chapter and spent the day 
investigating Indianapolis as a possible location for the 1921 Convention 
and Exhibition. 


DETROIT CHAPTER 


\bout 150 were present at the October 27th meeting of the Detroit 
Chapter, when Dr. George W. Sargent of New York presented a paper on 
“Molybdenum Steels.” Dr. Sargent showed the results of a number of 
tests that had been made with the use of molybdenum as the alloying 
nent and also presented some interesting facts as to the method of 
ng molybdenum. President White and the National Secretary Eisen- 
were also present at the meeting and addressed the membership. 
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CINCINNATI CHAPTER 


The November meeting of the Cincinnati Chapter was held at 
Ohio Mechanics Institute on Friday, November 5th. The feature of 
meeting was a report of the Philadelphia Convention by Dr. Hartzell 
the Victor Safe & Lock Company, Mr. A, L. Meyers and Mr. Harold | 
Blond of the R. K. LeBlond Machine Tool Company. The outline 
the coming year was presented and discussed, as was also the advisabi 
of holding the 1921 Convention and Exhibition in Cincinnati. 

The second November meeting of the Cincinnati Chapter was 
dressed by President White and National Secretary W. H. Eisenman, 
the Business Men’s Club on Thursday evening, November 18th. Thes: 
gentlemen spent the day in Cincinnati with the Convention Committe 
and the Secretary of the Chamber of Commerce, and investigated the cit) 
as to the advisability of its being able to accommodate the 1921 Convention 


MILWAUKEE CHAPTER 


The November meeting of the Milwaukee Chapter was held at Hote! 
Medford at 8 p. m. on Monday, November 29th. <A very interesting and 
illustrated paper was presented by Mr. A. F-. MacFkarland, of the Vanadiun 
Alloys Steel Company, on the subject, “Some Notes on the Heat Treat 
ment and Structure Characteristics of High Speed Steel.” 


TRI-CITY CHAPTER 






The Tri-City Chapter celebrated the founding of their chapter at 
dinner meeting and smoker on Friday evening, November 5th. In orde 
to properly portray the spirit they are showing, in getting out an attend 
ance, the notice is printed below. 


First Annual Meeting American Society for Steel Treatment, Friday Eve- 
ning, November 5th, 1920 







Dinner-Smoker Meeting, Davenport Commercial Club. 
$1.50 per plate. Meeting 8 p. m., sharp. 


Dinner, 7-8 p 





Speaker: 
Subject : 


Capt. H. B. Knowlton. 
Case Hardening. 


Capt. Knowlton comes to us from the Case Hardening Service Com 
pany of Cleveland, as their metallurgical engineer. He is a_ national 


afford to miss. 
As this is our first annual meeting, and we are in the midst of a mem 
bership drive, we expect every member to attend and bring as man) 
prospective members as possible. 
‘ Call Moline 791 and make reservations for yourself and friends. Ge 
your reservations in by Wednesday, the 3rd, if possible. 
If it is inconvenient for any members to get to the meeting in tim 
for dinner, please call Mr. Gust Olson, Jr., at Moline 612,.and he will 
range for members to come by automobile. 





































authority on case hardening and this is an opportunity that no member can 
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\ll members driving cars are expected to get in touch with Mr. Olson 
donate their services for this purpose. 
Let’s get behind this, our first annual meeting, and make it a suc- 
LROLD BROWN, 
Secretary- Treasurer. 
lhe meeting was a decided success. Over 100 attended the dinner. 


SPRINGFIELD CHAPTER 


\ very interesting meeting of the Springfield Chapter was held on 
November 29th, when Mr. Kaup of the Crucible Steel Company of 
\merica presented a paper on “Steel and the Man; Their Character as 
Developed by Treatment.” Mr. Kaup developed this subject in a very 
teresting and entertaining manner. 


ST. LOUIS CHAPTER 


\ very interesting meeting of the St. Louis Chapter was held on 
thursday evening, November 18th, at the American Annex Hotel, pre- 
ceded by a dinner. The chapter was very fortunate in being able to obtain 
one of its local members to present a paper—Mr. J. M. Maher, superin- 
tendent of the St. Louis Frog & Switch Company—who lustr: ated his talk 

“Personal Microscopic Studies of Heat Treated Steel.’ 

\t the same time as the announcement was sent out, the secretary 
mailed to each member a mimeographed list of the members of the St. 
Louis Chapter and their addresses. 


PITTSBURGH CHAPTER 


es October meeting of the Pittsburgh Chapter was addressed by Mr. 
Johnson of the Crucible Steel Company of America. Mr. Johnson 
prese aa the paper that he had presented at the Philadelphia Convention. 
\ very interesting discussion was held at the close of the meeting. 
Che November meeting was held on the 23rd and was addressed by 
Mr. Charles McKnight, Jr., on the subject “Molybdenum in Steel.” 


NEW YORK CHAPTER 


Che New York Chapter held its regular monthly meeting at the Ma 
hinery Club, 30 Church street, New York, Wednesday evening, November 
I7th, when it was addressed by Mr. W. R. Moore, sales engineer, Norton 
Company, Worcester, Mass., in a lecture on “Grinding,” illustrated with 
stereopticon views. ‘The meeting was preceded by a dinner at the Ma 


hinery Club. 
HARTFORD CHAPTER 


the Hartford Chapter has prepared their program for the season of 
1920-1921 and it shows the result of a great amount of careful thought 
nd attention. Each meeting, which is assigned a definite date through- 
ut the year, is divided into three parts. The first part being devoted to 
the practical development of steel from ore to the heat treater: the second 


4 


tt is for the discussion of the various elements as they effect the heat 
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treatment of steel, and the balance of the meeting is to be devoted t | 
general discussion of the “Are’s and Aint’s of Terminology” and t 5 
general discussion of trials and tribulations of the members. ' . 
The motto adopted by the chapter is rather interesting and is as 
lows: “Don’t be a sponge, but if you must, once in a while give your A 
a squeeze.” <A reproduction of their program will be printed in N 
transactions. " “ 
IMPORTANT ANNOUNCEMENT . 
; \ 
A return postal has been mailed to the entire membership, request- & i 
ing them to send in complete information relative to their present p delph 
tions and mailing addresses, so that we may have the proper data for ¢ More 
publication of the Year Book of the American Society for Steel Treati Georg 
which will be issued about January 15, 1921. These postals were mailed vill r 
with copies of the Constitution which were sent to the entire membershi epal 
IMPORTANT REQUEST \ 
lOTMNe 
[In the October issue of the transactions, page 67, a paper was pub Coun 
lished by Mr. Robert M. Taylor, works engineer, American Tool Work: by B 
Company, Cincinnati, Ohio, on the subject “Steel for Machine Parts, Sta vest, 
tionary and Moving, Carbonized and Heat Treated.’ ind : 
A large chart was to accompany the article, giving important specifica 8 
tions and results of investigations. If a sufficient number of requests Hy C, 
are received, the article will be re-printed, and the blue print of the chart anid : 
accompanying the article will be with the re-printed article. If you ar Hagel 
interested, in securing a re-printed copy, drop a postal with your address, man ¢ 
to the Headquarters of the Society, 4600 Prospect avenue, Cleveland, Davti 
Ohio. Mello 
Newp 
Work 
COMMERCIAL ITEMS provi 
The E, F. Houghton Company have issued a 50-page booklet on thi 
“Causes of Skin Sores and Boils Among Metal Workers.” This text L 
a record of what is doubtless the most comprehensive investigation ever Chain 
made of the subject. The foreword by Mr. Charles E, Carpenter, presiden Feder 
of the company, outlines and summarizes the main features in plain, non rn 
scientific language, easily understood by the practical man. Wherever th — 
recommendations made are applied in a common-sense way, the problem aie 
of skin sores and boils among metal workers is cut down, and frequentlh ahiad 
overcome entirely. This booklet can be secured by writing the EF. F. 1917 
: 


del 


Houghton Company, Third, American and Somerset streets, Phi 
phia, Pa. 





The Roessler & Hasslacher Chemical Company, 709 Sixth aven 
New York, has issued an interesting booklet on “The Why and How 0 
the Heat Treatment of Steel by Cyanide.” Same can be had by writing 
above firm. 











IDVERTISING SECTION 









fhe American Dressler Tunnel Kilns, Inc., announce the removal ot 
xecutive engineering and thermal offices to 1740 East Twelfth street, 
Cleveland, Ohio. 




















































va Mr. W. 5. Quigley, president, Quigley Furnace Specialties Company, 
" New York City, has just returned from Europe, after an extensive trip 
e in connection with large installations of the Quigley Powdered Coal 
System in Italy and Belgium. 
Mr. George H. Morgan has been elected treasurer of E. F, Houghton 
qu & Company, manufacturers of oils and leathers for the industries, Phila- 
p lelphia. The position of secretary of the company, formerly held by Mr. 
or Morgan, has been filled by the election by the board of directors of Mr. 
ating George W. Pressell, chief of the Houghton research staff. Mr. Morgan 
mai retain the positon of managing director of the leather manufacturing 
ors] lepartment of Houghton & Company. 
\ site for the new building in Washington which is to serve as a 
ome for the National Academy of Sciences and the National Research 
s pub Council has recently been obtained. It comprises the entire block bounded 
Wo by B and C streets and Twenty-first and Twenty-second streets, North- 
eS vest, and faces the Lincoln Memorial in Potomac Park. The Academy 
r nd Council have been enabled to secure this admirable site, costing about 
at $200,000, through the generosity of the following friends and supporters: 
or Thomas D. Jones, Harold F. McCormick, Julius Rosenwald and Charles 
‘ones H. Swift, Chicago; Charles I. Brush, George W. Crile, John L. Sever- 
e char ince and Ambrose Swasey, Cleveland; Edward Dean Adams, Mrs. E. H. 
sepolbanh Harriman and the Commonwealth Fund, New York City; George East- 
ddress man and Adolph Lomb, Rochester; EK. A. Doods and Charles F. Kettering, 
vel Dayton; Henry Ford, Detroit; Arthur H. Fleming, Pasadena; A. W. 
Mellon, Pittsburgh; Pierre S. duPont, Wilmington; Raphael Pumpelly, 
Newport; Mr. and Mrs. H. E. Huntington, Los Angeles; Corning Glass 
Works, Corning, N. Y. Funds for the erection of the building have been 
provided by the Carnegie Corporation of New York. 
on : : 
text L.. C. Wilson, for the past two years general sales manager of the 
eae ever Chain Belt Company, Milwaukee, has been elected secretary of the 
nee Federal Malleable Company, West Allis, Wis., manufacturers of malleable 
Be? ee ‘astings, malleable chains and the Rapid Molding Machine. He is to as- 
aia ie sume his new duties on November 15th and will be succeeded as sales 
eel manager at the Chain Belt Company by Clifford F, Messinger. 
quent s Mr. W ilson Is a Yale graduate and began _ his business career as a 
os oe with Harbison-Walker Refractories Company, Pittsburgh. In 
shilad 17 he became associated with the Chain Belt Company and until his 
ippointment as sales manager acted in the capacity of assistant to the vice- 
president. As the Federal Malleable Company is closely associated with 
the Chain Belt Company Mr. Wilson will continue to be in touch with 
Chain Belt friends. 
avenu ir. Messinger is also a Yale graduate and has been with the Chain 
How 0 ompany since 1909 in various capacities including that of advertis- 
writin ing manager, manager of Rex Concrete Mixer sales and assistant to the 


sident. 


TRANSACTIONS OF 


AMERICAN SOCIETY 


FOR STEEL 


TREATING 


EMPLOYMENT SERVICE BUREAU 


The Employment Service Bureau is free to all members of the AMERICAN 
STEEL TREATERS’ SOCIETY. If you desire to change position or location, 


write the Business Manager and your case will be given personal and prompt 


attention. 


Mr. Manufacturer: If you need an efficient Factory Manager, Works Man- 
ager, Chief Engineer, Metallurgist, Chemist, Foreman of Heat Treating Rooms, 
Furnace Man or Sales Representative, write us. We will put you in touch with 
the right man, and there will be no charge for the service. 


POSITIONS OPEN 


WANTED—Assistant Superintendent of Forge 
Department, University of Illinois, on September 
Ist, 1920. Young man not over 28 years old, of 
good personality and character, who wants to fol 
low the teaching profession. Must understand 
forging practice, though great skill not necessary. 
An ambitious apprentice with a High School edu- 
cation and a knowledge of the principles of forge 
shop practice would be given consideration. Ad 
dress 9-25. 


Wanted—Foreman for hardening department, by 
large tractor manufacturing concern. When re 
plying, give age, experience, etc. Address 10-70. 


POSITIONS WANTED 
POSITION WANTED—California location de 
sired—as superintendent or foreman of heat-treat 
ing department by a steel treater with more than 
20 years’ experience. Have specialized in carbon 
izing and the construction of special furnaces for 
steel treating. Address 11-60. 


WANTED—Position by man at present em- 
ployed as Foreman of the Heat Treating De- 
partment of a firm where he has been for the 
past ten years. Besides experience in the heat 
treating of steel, has had experience in the 
chemical and physical testing of steel, inspection 
of small and large forgings, and a little of 
photomicrography. Address No. 10-25. 


WANTED —Position as Assistant Metallurgist, 
preferably in Pittsburgh District. Graduate in 
metallurgy with several years’ experience in 
heat treating, metallography and pyrometry. 
At present assistant to metallurgist of well- 
known concern. Address No. 10-10. 


WANTED —Position as Metallurgist. Have 
been employed by well-known Motor Car Com- 
panies as Assistant Metallurgist and later 
Metallurgist. Can give the best of references. 
Address No. 10-15. 


POSITION WANTED—Technically educated 
young man, with four years’ practical experi- 
ence in the heat treatment of plain carbon and 
alloy marine, locomotive and machine forgings, 
wishes to obtain new location with more oppor- 
tunities for the future. Am especially qualified 
to supervise hardening of die blocks before and 
after sinking of impression, and physical testing. 
Address No. 10-5. 


WANTED—Graduate Mining and Metallurgy, 
Ohio State University, with experience as Con- 
struction Engineer, Contracting Engineer, with 
large firms. Also as Chief Engineer of a large 
steel company, besides work in the ordnance office 
during the war. Has had excellent success in 
handling help in organizing a project. Can handle 
sales work, production or manager. Address 9-45. 


WANTED—Position in heat treating and lab- 
oratory control, covering chemical and metallo- 
graphic work. Best of references. Address 9-50. 


W ANTED—Position as Metallographist in Pitts 
burgh or vicinity. Have had a number of years 
experience in this line of work, and at present 
employed with a nationally known testing labora 
tory. Address 9-30. 


WANTED—Position as foreman, or 
giving an opportunity to work up to foreman. 
Have had 7% years’ experience as foreman of 
heat treating department, covering tool work, heat 
treating of large turbine parts, drill parts and 
also experience in electric and acetylene welding. 
Address 9-35. 


position 


W ANTED—Position as Hardener in charge of 
hardening room. Eastern territory desired. Have 
had two years’ experience in modern heat treating 
plants. Completed course in Metallography. At 
present foreman heat treating department. Best 
of references. Address 9-00. 


WANTED—Position as Superintendent of heat 
treating department. Have had eight years’ ex- 
perience in charge of department of large tool 
company. Best of references. Address 9-05. 


WANTED—Position as Hardener or in charge 
of Hardening Room. Have had a number of 
years’ valuable experience on high speed and 
carbon steels; also carbonizing and case hardening 
of all kinds. At present connected with large 
motor car company. New York vicinity preferred. 
Address 915. 


WANTED—Position as Metallurgical 
in technical or executive capacity. 
experience in electric and crucible tool steel and 


Engineer 
Seven years’ 


open hearth production. Experienced in research, 
metallography, pyrometry, magnetic testing, crit- 
ical point determinations, mill problems, complaint 
and service work, hot rolling and cold wire draw 
ing operations. Laboratory installations, standard 
ization of heat treatment of tool steels. At present 
metallurgist for well known tool steel plant 
Married. Age 32. Address 9-10. 


WANTED—Position as Superintendent, Fore. 
man or Steel Salesman by party having 20 years 
experience in forging and blacksmith shop and 
heat treating departments. Best of references. 
Address 9-75. 


WANTED—Position as Metallurgist, preferably 
in the Automotive industry. Applicant is a gradu: 
ate chemist (B. S. in Chem.), a thorough metal- 
lurgical analyst and metallographist. Has had six 
years’ experience in iron and steel analysis, physt 
cal testing metallography and heat treatment. Has 
been in charge of large laboratory for two years, 
and engaged in important research on the heat 
treatment of carbon and alloy steels. Can give 
excellent references, and would be glad to furnish 
further information. Address No. 610. 
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